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Resumo 
A presente tese tem dois objetivos principais; 1) verificar as associações entre 
vários biomarcadores inflamatórios e metabólicos com o risco cardiometabólico, 
em adolescentes e 2) verificar as associações entre a aptidão cardiorrespiratória 
e aptidão muscular e biomarcadores inflamatórios e metabólicos, no risco 
cardiometabólico, em adolescentes. Para esse efeito, esta tese que faz uso do 
modelo Escandinavo de tese e apresenta 7 artigos originais, sendo os dois 
primeiros para responder ao primeiro objetivo e outros 5 artigos para ao segundo 
objetivo. 
Este estudo transversal contou com uma amostra de 529 adolescentes entre 12 
e 18 anos da região Norte de Portugal que participaram do LabMed Physical 
Activity Study, em 2011. Procedimentos estandardizados foram utilizados para 
medir e estimar indicadores da aptidão cardiorrespiratória (teste de vai e vem), 
aptidão muscular (prensa manual e salto de impulsão horizontal), adiposidade, 
estagio maturacional, estatuto socioeconómico e adesão à dieta Mediterrânea. 
Foram avaliados também vários biomarcadores inflamatórios e metabólicos. 
Os resultados principais deste estudo indicam: i)  o potencial de vários fatores 
de risco não tradicionais (proteína C reativa, C3, C4, leptina, fibrinogénio e a 
razão adiponectina/leptina) em identificar um risco cardiometabólico mais 
elevado, bem como a potencial habilidade discriminatória da utilização de um 
clustered score de biomarcadores inflamatórios (InflaScore); ii) a adiponectina 
associa-se de forma inversa com a aptidão cardiorrespiratória e a aptidão 
muscular; iii) os níveis de aptidão muscular e de aptidão cardiorrespiratória estão 
inversamente associados com o InflaScore; a combinação de um alto perfil 
inflamatório e baixa aptidão muscular ou cardiorrespiratória aparentam 
potencializar os efeitos deletérios da saúde metabólica. 
Os estudos apresentados nessa tese reforçam e sublinham a importância da 
prevenção e monitorização precoce dos fatores de risco cardiometabólicos. 
Continuam a ser necessários esforços futuros para identificar características 
clínicas em crianças e adolescentes que poderiam ser utilizadas em triagem para 
prevenção de risco de DCV na idade adulta. No entanto, do ponto de vista da 
saúde pública, a promoção de um estilo de vida saudável continua a ser o foco 
prioritário.   
Apesar das limitações impostas pelo desenho transversal deste estudo, as 
consequências deletérias atribuídas ao processo de inflamação de baixo grau 
parecem poder ser contrariadas, até certo ponto, pela manutenção dos níveis 
adequados da aptidão cardiorrespiratória e aptidão muscular. Além disso, a 
aptidão muscular parece associar-se ao perfil inflamatório e cardiometabólico, 
independentemente da aptidão cardiorrespiratória e de outros confundidores 
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Abstract 
 
This thesis has two main aims: 1) to verify the associations between several 
inflammatory and metabolic biomarkers with cardiometabolic risk, in adolescents 
and 2) to investigate the associations between cardiorespiratory fitness and 
muscular fitness and inflammatory and metabolic biomarkers on cardiometabolic 
risk, in adolescents. For this purpose, this thesis makes use of the Scandinavian 
thesis model and presents 7 original articles, being the first two to respond to the 
first aim and another 5 articles for the second aim. 
This cross-sectional study included a sample of 529 adolescents aged between 
12 and 18 years, from the Northern region of Portugal, who participated in the 
LabMed Physical activity study in 2011. Standardized procedures were used to 
measure and estimate indicators of cardiorespiratory fitness (shuttle-run-test) 
muscular fitness (handgrip and standing long jump), adiposity, pubertal stage, 
socioeconomic status, and adherence to the Mediterranean diet. Several 
inflammatory and metabolic biomarkers were also assessed. 
In this study, 3 mains results were verified; i) the potential of several nontraditional 
risk factors (C-reactive protein, C3, C4, leptin, fibrinogen and the 
adiponectin/leptin ratio) to identify a higher cardiometabolic risk, as well as the 
potential discriminatory ability of using a clustered score of biomarkers 
inflammatory (InflaScore); ii) adiponectin is inversely associated with 
cardiorespiratory fitness and muscular fitness; iii) higher levels of muscular 
fitness and cardiorespiratory fitness are inversely associated with InflaScore; the 
combination of a high inflammatory profile and low muscular or cardiorespiratory 
fitness seems to potentiate the deleterious effects of metabolic health.  
The results presented in this thesis reinforce and underline the importance of 
early prevention and cardiometabolic risk factors monitoring. Further efforts are 
needed to identify clinical features in children and adolescents that could be used 
in screening to prevent CVD risk in adulthood. However, from the point of view of 
public health, the promotion of healthy lifestyles should remain the priority focus. 
Despite the limitations imposed by the cross-sectional design of this study, the 
deleterious consequences attributed to the process of low-grade inflammation 
seem to be counteracted to some extent by maintaining adequate levels of 
cardiorespiratory fitness and muscular fitness. In addition, muscular fitness 
seems to influence the inflammatory profile and cardiometabolic health, 
independently of cardiorespiratory fitness and other confounders 
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INTRODUÇÃO E ENQUADRAMENTO TEÓRICO 
 
Apesar dos notáveis avanços na promoção da saúde cardiovascular nas 
últimas décadas, as doenças cardiovasculares (DCV) ainda representam a 
principal causa de morte em Portugal e nos restantes países desenvolvidos 
(W.H.O 2008). Estima-se que 17.7 milhões de pessoas morreram em 2015 
devido a DCV, o que representa cerca de 31% da mortalidade a nível global 
(W.H.O 2017). Em Portugal, as DCV são responsáveis por cerca de 40% dos 
óbitos, representando umas das principais causas de morbilidade e invalidez na 
população portuguesa (Dias, 2009). 
As DCV podem manifestar-se de diferentes formas, geralmente, são uma 
consequência do processo aterosclerótico mediado por processos inflamatórios 
e que pode ter sua génese ainda na infância (Balagopal et al., 2011). Neste 
aspeto, a aterosclerose passou de um modelo de doença crónico-degenerativa 
exclusiva de pacientes em idades avançadas, para um modelo de doença 
inflamatória crónica subclínica, também presente em idades precoces 
(Balagopal et al., 2011). 
O estado de inflamação crónica de baixo grau pode ser induzido, não 
apenas pela adiposidade, mas também por vários outros fatores biológicos, 
comportamentais e ambientais, como por exemplo; o peso à nascença (Labayen, 
Ortega, Sjöström, & Ruiz, 2009), a má alimentação (Schwingshackl & Hoffmann, 
2014), o stress, a poluição, a má saúde oral, o tabagismo, a baixa condição 
socioeconómica e o consumo excessivo de álcool (Danesh et al., 2000; 
Engström et al., 2007). Deste modo, a promoção de estilos de vida saudáveis 
tem sido um importante argumento no controle e prevenção de DCV, assumindo 
um importante papel em termos de Saúde Pública. 
Os mecanismos inflamatórios desempenham um papel central na 
mediação de todas as fases da aterosclerose, desde o recrutamento inicial de 
leucócitos circulantes para a parede arterial até à eventual ruptura da placa de 
ateroma (Gersh, Sliwa, Mayosi, & Yusuf, 2010). O aumento da expressão e 
ativação de proteínas na fase aguda, os fatores de complemento (Barbu, Hamad, 
Lind, Ekdahl, & Nilsson, 2015) e as adipocitocinas, tem sido associado com o 
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processo aterosclerótico e com a consequente lesão da placa aterosclerótica 
(Balagopal et al., 2011; Balagopal et al., 2013). Deste modo, este processo de 
inflamação crónica é controlado por um complexo sistema que envolve diversos 
e diferentes tipos de células do sistema imune, dos adipócitos e do músculo 
esquelético (Balagopal et al., 2011; McGill et al., 2000). Neste sentido, as 
investigações mais recentes  têm-se tentado perceber  se os níveis plasmáticos 
circulantes de alguns biomarcadores inflamatórios e metabólicos podem ajudar 
a identificar os futuros desfechos cardiovasculares (Canas et al., 2013; McGill et 
al., 2000). 
Como a progressão das DVC é silenciosa e as suas manifestações não 
são frequentemente observadas na infância (Canas et al., 2013; Libby et al., 
2009), torna-se necessário a utilização de biomarcadores que possam avaliar e 
identificar possíveis futuras manifestações da doença (Balagopal et al., 2011; 
Canas et al., 2013). Consequentemente, o esclarecimento dos conceitos de 
fatores de risco confiáveis e os biomarcadores de uma doença, como as DCV, 
são fundamentais para os avanços dinâmicos e estimulantes nas pesquisa e 
tratamentos (Balagopal et al., 2011; Blake & Ridker, 2001; Canas et al., 2013). 
Estudos com adultos sugerem que biomarcadores de inflamação têm grande 
potencial para aumentar a estratificação do risco clínico e auxiliar na predição, 
identificação e avaliação da doença aterosclerótica. (Libby et al., 2009; Ridker, 
2004). No entanto, existem lacunas na compreensão do papel de muitos destes 
biomarcadores durante a infância (Balagopal et al., 2011). 
A adiponectina, também chamada de Acrp30, apM1, ou adipoQ, é uma 
proteína abundante no plasma sanguíneo, uma das hormonas mais abundantes 
derivada do tecido adiposo (Hui et al., 2012).  Recentemente, esta proteína tem 
atraído alguma atenção devido a suas possíveis propriedades insulino-
sensibilizantes, anti-inflamatórias e anti-aterogénicas (Hui et al., 2012; Parker-
Duffen & Walsh, 2014). A adiponectina pode apresentar-se de duas formas fAd 
“full-length protein” ou como gAd “globular adiponectin”, uma vez sintetizadas, 
podem apresentar diferentes isoformas e pesos moleculares [baixo peso 
molecular (LMW) ], [peso molecular médio (MMW) ], [ alto peso molecular 
(HMW)] e atua com três tipos de recetores, AdipoR1, AdipoR2 e T-cadherin por 
diferentes vias que ainda não são bem compreendidas (Esmaili, Xu, & George, 
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2014). Adiponectina tem sido associado com resistência à insulina (Herder et al., 
2007) e considerada como um potencial biomarcador do diabetes tipo 2 
(Ghoshal, 2015), está negativamente associada com adiposidade (Herder et al., 
2007)  e  considerada um fator de risco para DCV (Ai et al., 2011). 
Neste sentido, esta “adipocitocina” tem sido considerada uma “proteína de 
proteção”, contrariamente às outras adipocitocinas, seus níveis circulantes 
diminuem com o aumento da gordura corporal (Ouchi et al., 2011). Até há pouco 
tempo atrás assumia-se que, a adiponectina era unicamente expressada pelos 
adipócitos (Scherer et al., 1995); no entanto, estudos recentes demostraram que, 
a adiponectina apresenta não só ações variadas e em diferentes tecidos e 
órgãos (Esmaili et al., 2014) mas também que pode ser expressada pelos 
cardiomiócitos (Piñeiro et al., 2005), pela placenta (Caminos et al., 2005),  pelas 
células de formação óssea (Berner et al., 2004), pelas células pituitárias 
(Rodriguez-Pacheco et al., 2007) e pelo musculo esquelético (Krause et al., 
2008).  
A adiponectina tem sido apresentada como uma “boa proteína” e com 
propriedades protetivas, contudo, cercada de controvérsias (Esmaili et al., 2014; 
Ghoshal, 2015). Em crianças e adolescentes os níveis de adiponectina têm sido 
inversamente associados com várias medidas de adiposidade (Martinez-Gomez 
et al., 2012; Oliveira-Santos et al., 2016) e também com agregação de fatores 
de riscos cardiometabólicos (Andersen et al., 2010; Bugge et al., 2012). No 
entanto, estas associações nem sempre são independentes de outros potencias 
variáveis confundidoras, como estagio maturacional, estatuto socioeconómico e 
adesão a uma dieta saudável. Além disso, estudos recentes, contrariamente ao 
esperado, têm demostrado que as níveis de adiponectina estão inversamente 
associado com a aptidão física (Bugge et al., 2012; Martinez-Gomez et al., 2012) 
e com os níveis de atividade física (Nielsen et al., 2016).  
Apesar dos estudos anteriores concluírem efeitos benéficos dos elevados 
níveis de adiponectina, evidências recentes têm sugerido o contrário, o seu nível 
elevado parece ter um papel crucial na patogénese de doenças 
cardiovasculares, aumentando o risco da mortalidade em adultos (Choi et al., 
2015; Wannamethee et al., 2011). Apesar de os níveis circulantes de 
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adiponectina estarem reduzidos em sujeitos obesos, o seu papel em diferentes 
contextos e fenótipos metabólicos em adolescentes aparentemente saudáveis 
carece de maiores estudos.  
Os fatores de complemento C3 e C4 são proteínas de fase aguda, 
componentes importantes das vias de complemento do sistema imunitário 
(Barbu et al., 2015; Engström et al., 2007). A resposta do sistema de 
complemento para infeções e inflamações são principalmente produzidas pelo 
fígado, e são as principais proteínas plasmáticas das vias do complemento do 
sistema imunitário (Zarkadis et al., 2001). O sistema do complemento C3 e C4 
regula ativamente vários momentos da resposta inflamatória, sendo a ativação 
deste sistema rápido, eficiente e ocorrendo em simultâneo com o início da 
resposta inflamatória. Estudos com adultos têm demonstrado que os níveis 
elevados de C3 e C4, são considerados fatores de risco para o desenvolvimento 
da síndrome metabólica (Liu et al., 2016) e estão associados com o aumento do 
risco de incidência de DCV, independente de fatores de riscos tradicionais, e 
com efeitos pro-inflamatórios (Engström et al., 2007). Poucos estudos têm 
investigado as associações entre C3 e C4 com o risco cardiometabólico, em 
adolescentes. Por exemplo, num estudo recente,  os níveis C3 e C4 associaram-
se de forma positiva com adiposidade, a tensão arterial, os triglicerídeos e 
resistência a insulina em adolescentes Europeus (Artero et al., 2014). Já noutro 
estudo com adolescentes espanhóis  os autores encontraram associações entre 
C3 e adiposidade mas não para o C4 (Warnberg et al., 2007). De facto, a 
investigação nesta área tem reportado resultados mais consistentes em 
populações adultas, sendo ainda necessário estudos em jovens para um melhor 
entendimento do papel destes biomarcadores no risco cardiometabólico.  
A proteína C-reativa (PCR) é um marcador inflamatório, de fase aguda, 
produzida no fígado em resposta à interleucina 6 (IL-6) que é estimulada, pelo 
fator de necrose tumoral alfa (TNF-α) (Ridker et al., 2001). A PCR é considerada 
um fator independente de risco cardiovascular, e tem demonstrado ser um 
relevante determinante de DVC comparativamente com outros fatores clássicos 
(Ridker et al., 2003). Já foram demonstradas evidências que os níveis de PCR 
estão associados com o desenvolvimento da diabetes tipo 2 (Santos et al., 2008; 
Thomas & Williams, 2008) e com anomalias arteriais precoces em jovens 
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considerados saudáveis (Juonala et al., 2006; Kelly et al., 2004). Alguns estudos 
com populações em idade pediátrica têm demonstrado que os níveis de PCR 
estão associados com fatores de risco cardiometabólico. Por exemplo, um 
estudo com crianças de 9 anos de idade evidenciou que os níveis de PCR estão 
associados positivamente com a adiposidade e um score de risco de DCV e de 
forma negativa com aptidão física (Andersen et al., 2010). Outro estudo com 
adolescentes (n=413), mostrou que PCR associou-se negativamente com a 
agregação de fatores de risco de DCV (Bugge et al., 2012). Contudo, estudos 
em crianças e adolescentes normalmente tem aplicado pontos de cortes de 
baixo (1 mg/L), moderado (1 to 3 mg/L), e alto (3 mg/L) risco cardiovascular, 
valores estes considerados arbitrários devido ao fato de terem sido criados para 
a população adulta (DeBoer, 2013). Atualmente, tem vindo a existir um grande 
interesse para a criação de pontos de corte da PCR para detetar precocemente 
o risco de DCV (DeBoer, 2013) durante a infância e a adolescência. No entanto, 
ainda serão necessários mais estudos para determinar os pontos de corte nesta 
população especifica. 
O fibrinogénio é uma proteína inflamatória de fase aguda envolvida na 
coagulação do sangue e é um potencial alvo na deteção de DCV. O fibrinogénio 
é o precursor da fibrina, é sintetizado no fígado e os seus níveis elevados têm 
sido associados ao aumento do risco das DCV e à  inflamação crónica de baixo 
grau (Balagopal et al., 2011; Blake & Ridker, 2001; Hansson, 2005; Thomas & 
Williams, 2008). Elevados níveis de fibrinogénio podem contribuir para um 
estado pró-trombótico, tendo um papel chave na via de agregação de plaquetas 
e na formação da fibrina e considerado o maior determinante da viscosidade 
sanguínea e agregação de eritrócitos (Yayan, 2013). Poucos estudos tem 
avaliado as associações entre níveis de fibrinogénio e fatores de risco 
cardiometabólicos em jovens (Buchan et al., 2012). Contudo,  um estudo com 
jovens em idades escolares (n=294, e idades entre 10-13 anos) mostrou que 
níveis elevados de fibrinogénio estavam associados a fatores de risco 
cardiovascular, como a proporção de colesterol total para colesterol de baixa 
densidade (HDL) sérico, índice de massa corporal (IMC) e PCR de alta 
sensibilidade (Fujii et al., 2006). Da mesma forma, Ferguson et al. (1998) 
mostraram que o fibrinogénio estava associado a vários índices de adiposidade. 
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Aparte, destes poucos resultados apresentados, muito pouco se sabe sobre as 
associações e pontos de corte do fibrinogénio para predição do risco 
cardiometabólico em adolescentes.   
A interleucina-6 (IL-6) é uma citocina que atua com propriedades pró-
inflamatórias e anti-inflamatórias (Thomas & Williams, 2008). Esta citocina é 
excretada por diferentes tipos de células, incluindo fibroblastos, células 
endoteliais e tecido adiposo (Thomas & Williams, 2008). É ainda um mediador 
central da resposta de fase aguda e um determinante primário de produção 
hepática de PCR (Teixeira et al., 2014; Thomas & Williams, 2008). A IL-6 
desempenha um papel importante no processo de ruptura ou erosão da placa 
de aterosclerose, e tem os seus valores séricos aumentados nesses eventos 
(Teixeira et al., 2014). Pouco se conhece sobre a associação entre IL-6 e fatores 
de risco cardiometabólico em crianças e adolescentes, uma vez que resultados 
nesta faixa etária se apresentam de forma contraditória. Por exemplo, num 
estudo com jovens Dinamarqueses, os  autores reportaram uma correlação 
positiva entre IL-6 e um score de risco cardiometabólico (Bugge et al., 2012). 
Contudo, num outro estudo com jovens noruegueses com idade entre 9 - 15 anos 
não se encontrou qualquer associação significativa entre a IL-6 e um score de 
risco cardiometabólico (Jostein Steene-Johannessen et al., 2010).  
A leptina, é uma hormona produzida principalmente pelo tecido adiposo e 
com um papel crucial no controlo de peso corporal em indivíduos saudáveis, com 
a regulação da homeostasia e ingestão de alimentos (Sáinz et al., 2015). Esta 
adipocitocina regula diretamente a produção de várias citocinas, apresentando 
tanto propriedades pró como anti-inflamatórios (Waelput., 2006). As evidências 
têm demonstrado que os altos níveis circulantes de leptina estão positivamente 
associados com a obesidade e anormalidades metabólicas. Por exemplo, a 
hiperleptinemia tem sido associada com um aumento do tecido adiposo (Kelly et 
al., 2012; Sinorita et al., 2010), pré-diabetes (Lai et al., 2015), perfil inflamatório, 
resistência à insulina, obesidade e eventos cardiovasculares agudos (DeBoer, 
2013; Hansson, 2005; Zeng et. al., 2014). Estudos em adolescentes tem 
demonstrado que os níveis de leptina estão positivamente associados com a 
adiposidade (Zhuo et al., 2009) e com a síndrome metabólica (Gonzaga et al., 
2014). Um estudo recente apontou a leptina como um potencial fator de risco 
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que poderia ser incluído na classificação da síndrome metabólica em 
adolescentes (Andersen et al., 2015). No entanto, a maioria dos resultados 
investigando as associações entre a leptina e a risco cardiometabólico são  
apresentados em populações obesas ou na presença da síndrome metabólica; 
por via disto, são necessários mais estudos em amostras de jovens 
aparentemente saudáveis, para se perceber melhor seu  contexto independente 
(Stolzman & Bement, 2012).  
A contagem de glóbulos brancos (leucócitos) é um dos marcadores 
inflamatórios mais comuns utilizados na prática clínica. As contagens de 
leucócitos tem sido associadas com as DVC desde 1920 (Madjid et al., 2004). 
Ao longo das últimas décadas, um número crescente de estudos 
epidemiológicos e clínicos realizados com populações sem DCV mostraram uma 
correlação clara e positiva entre a contagem de leucócitos e o risco de doença 
coronária (Madjid et al., 2004), diabetes tipo 2 e múltiplos componentes de 
síndrome metabólica, incluindo obesidade, resistência á insulina, hipertensão e 
dislipidemia (Hsieh et al., 2007; Madjid et al., 2004; Wu et al., 2010). 
Todos estes biomarcadores aqui descritos regulam e mediam uma 
variedade de processos biológicos e fisiológicos como: a inflamação, a ingestão 
de comida, a regulação do balanço energético, a ação da insulina, o metabolismo 
lipídico e o glicídico, a angiogénese, a remodelação vascular, a coagulação e a 
regulação da pressão arterial, entre outros (Canas et al., 2013; Yayan, 2013; 
Zarkadis et al., 2001). Apesar destes biomarcadores demostrarem estar 
associados com fatores de riscos cardiometabólico, deve ser evidenciado que a 
maioria do conhecimento a esse respeito ainda é derivado de estudos em 
adultos ou sujeitos obesos e/ou com síndrome metabólica presente (DeBoer, 
2013; Falahi et al., 2015). Embora promissores, parece que nenhum destes 
biomarcadores está devidamente preparado para uso clínico frequente em 
crianças (Balagopal et al., 2011). Sendo necessário melhorar a compreensão do 
papel destes biomarcadores e fatores de risco não-tradicionais para DCV em 
crianças e adolescentes (Balagopal et al., 2011; Canas et al., 2013). 
 Intervir e influenciar a população adolescente relativamente às suas 
condutas comportamentais revela-se de extrema importância, uma vez que a 
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adolescência é um período da vida caraterizada por profundas transformações 
fisiológicas, psicológicas, emocionais, intelectuais, éticas, morais e sociais, 
vivenciadas num determinado contexto cultural. Esta fase, é marcada por  
rápidas mudanças fisiológicas e vulnerável para o desenvolvimento de 
sobrepeso e obesidade, bem como para a aquisição de hábitos comportamentais 
inadequados e consequentemente o aumento do risco cardiovascular (Kelishadi, 
2007). A adolescência é um período com características próprias e dinâmicas, 
consequentemente caracterizado por um processo complexo de passagem para 
a vida adulta. Mais, as atitudes, os hábitos, os valores e os comportamentos 
desempenhados e adquiridos durante este período, têm na adolescência 
elevada probabilidade de serem mantidos ao longo da vida adulta (Malina, 2001). 
Ao longo do desenvolvimento da puberdade, ocorrem várias modificações 
em parâmetros metabólicos e fisiológicos, tais como a resistência à insulina, os 
níveis lipídicos, a obesidade e a síndrome metabólica (Moran et al., 1999). 
Estudos já reportaram que uma puberdade precoce está associada com um 
maior risco cardiometabólico (Widen et al., 2012). Assim, a literatura atual 
demonstra que avaliação do estagio de maturação, é um importante parâmetro 
a ser avaliado e controlado em estudos epidemiológicos na adolescência 
(Ramírez-Vélez et al., 2017; Widen et al., 2012).  
Em crianças e adolescentes, a saúde cardiometabólica pode ser 
influenciada por vários fatores, tais como; o ambiente social, biológico,  
comportamental, entre outros (Sallis et al., 2015). Como já se tem vindo a 
reportar, os estilos de vida saudáveis, incluindo ingestão alimentar e atividade 
física, podem desempenhar um papel crucial no desenvolvimento ou prevenção 
da síndrome metabólica (O’Neill & O’Driscoll, 2015). Estudos mostraram que, 
durante a infância o aumento da prevalência e a gravidade da síndrome 
metabólica nos jovens provavelmente colaborará para reduzir a idade de início 
e aumento da incidência de doenças cardiovasculares em todo o mundo 
(Balagopal et al., 2011). Apesar dos diferentes critérios já propostos para 
definição da síndrome metabólica em crianças e adolescentes (Friend  &  Craig, 
2013), o conceito subjacente das diferentes definições é o mesmo: um 
agrupamento de vários fatores de risco cardiometabólico (Friend  & Craig, 2013). 
Assim, na falta de uma definição universalmente aceite de síndrome metabólica 
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em crianças e adolescentes, a avaliação do risco cardiometabólico na infância e 
adolescência tem sido avaliada somando valores padronizados (como variável 
contínua) de fatores de risco cardiometabólico individuais (Andersen et al., 2006, 
2015). Essa abordagem tem sido amplamente utilizada em estudos 
epidemiológicos pediátricos, uma vez que este método tem em consideração a 
natureza contínua, graduada e cumulativa dos fatores de risco para DCV 
(Andersen et al., 2015; Bugge et al., 2012; Lobelo et al., 2010).  
A inatividade física e o sedentarismo são atualmente considerados dos 
maiores problemas de Saúde Pública, talvez os principais fatores de risco do 
aparecimento de muitas doenças crónico-degenerativas. A grande prevalência 
de inatividade física, as suas consequências nocivas para a saúde e a evidência 
de estratégias efetivas para a promoção de atividade física, fazem deste 
problema uma prioridade global de saúde pública (Kohl et al., 2012). 
A literatura atual considera que realizar atividade física regular conduz a 
melhorias significativas nos vários componentes da aptidão física e 
consequentemente na saúde cardiometabólica (W.H.O 2010; Artero et al. 2012; 
Ortega et al. 2012). Para crianças e jovens de 5 a 17 anos, recomenda-se 
atualmente pelo menos 60 minutos de atividade física de intensidade moderada 
a vigorosa diariamente. Esta atividade física deve ser diária, aeróbia e devem 
ser incorporadas atividades que fortalecem tecido muscular e ósseo pelo menos 
3 vezes por semana (W.H.O 2010).  
 É consensual o reconhecimento de que, os níveis de atividade física 
tendem a diminuir durante a adolescência (Troiano et al., 2008; Trost et al., 
2002). Níveis superiores de atividade física têm sido estão associados com uma 
maior aptidão cardiorrespiratório e aptidão muscular em adolescentes Europeus 
(Martinez-Gomez et al., 2012). Relativamente aos adolescentes Portugueses, o 
tempo de atividade física moderada-vigorosa também está associada com uma 
melhor aptidão física (Marques et al., 2015). De facto, a aptidão física tem sido 
considerada como um relevante marcador de saúde em crianças e adolescentes 
(Ortega et al., 2008).  Componentes da aptidão física, nomeadamente a aptidão 
cardiorrespiratória e aptidão muscular têm sido estudados em populações 
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infanto-juvenis, parecendo demonstrar características independentes uma da 
outra na saúde cardiometabólica (Grøntved et al., 2013). 
A aptidão cardiorrespiratória reflete a capacidade geral dos sistemas 
cardiovascular e respiratório e a capacidade de realizar exercícios prolongados 
extenuantes (Ruiz et al., 2011). Medidas reais e diretas (gold standard) da 
aptidão cardiorrespiratória exigem a realização de testes de esforço máximal 
acompanhado de recolha de gases expirados (Pillsbury et al., 2013). No entanto, 
muitas medidas da aptidão cardiorrespiratória foram estudadas e utilizadas em 
várias baterias de testes de aptidão física em todo o mundo (Pillsbury et al., 
2013). Um dos inúmeros testes validados, o “vai e vem” de 20 metros (20mSRT) 
é indiscutivelmente o teste mais popular para avaliação e a estimativa da aptidão 
cardiorrespiratória em crianças e jovens, em estudos epidemiológicos  em todo 
o mundo (Tomkinson et al., 2016). Este teste tem demonstrado ser uma 
excelente ferramenta para a vigilância e a monitorização de base populacional, 
pois demonstra uma forte validade e confiabilidade (Ortega et al., 2008; Ruiz et 
al., 2011). O 20mSRT possui uma excelente utilidade no terreno devido ao baixo 
custo e sua flexibilidade com locais de aplicação (dentro ou fora de pavilhões 
desportivos, espaços limitados) e também pela sua capacidade de testar 
múltiplos indivíduos simultaneamente com recurso a poucos avaliadores e 
equipamentos (Ruiz et al., 2011; Tomkinson et al., 2016).  
Estudos com crianças e adolescentes têm mostrado que, a aptidão 
cardiorrespiratória está positivamente associada com resultados metabólicos 
favoráveis à saúde, logo tem sido considerada um importante determinante do 
estado de saúde atual e futura (Ortega et al., 2008; Ruiz et al., 2009). Estudos 
epidemiológicos nestas idades têm demonstrado que a aptidão 
cardiorrespiratória está inversamente associada com a agregação de fatores de 
risco cardiometabólicos (Artero et al., 2011; Lobelo et al., 2010; Moreira et al., 
2013; Jostein Steene-Johannessen, Anderssen et al., 2009).Também há 
evidências de uma interação entre adiposidade e aptidão cardiorrespiratória, 
sugerindo que níveis elevados de aptidão cardiorrespiratória podem atenuar os 
efeitos deletérios de sobrepeso ou obesidade em crianças e jovens, o chamado 
fenótipo "Fat but Fit" (Eisenmann et al., 2005; Ortega et al., 2017). Alguns 
estudos já reportaram associações inversas da aptidão cardiorrespiratória e 
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inflamação crónica de baixo grau durante a infância e a adolescência  (Agostinis-
Sobrinho et al., 2015; Bugge et al., 2012; Martinez-Gomez et al., 2012; Parrett et 
al., 2010; J Steene-Johannessen., 2013). Em contrapartida, outros estudos não 
encontraram associações significativas (Christodoulos et al., 2012; Thomas & 
Williams, 2008). Adicionalmente, verifica-se que a maioria destes estudos 
utilizaram somente a PCR como indicador de inflamação. Num dos poucos 
estudos com vários biomarcadores, Martinez-Gomez et al. (2012), verificou-se 
uma associação negativa entre aptidão cardiorrespiratória e PCR, C3 e C4 
independentemente da idade, sexo e IMC, em adolescentes Europeus (The 
HELENA Study) (Martinez-Gomez et al., 2012). Outro estudo com uma amostra 
de crianças Norueguesas, os autores reportaram uma associação negativa entre 
aptidão cardiorrespiratória, a PCR e a leptina, independentemente do estagio de 
maturação e do perímetro de cintura (J Steene-Johannessen et al., 2013). De 
facto, poucos estudos têm avaliado as associações entre aptidão 
cardiorrespiratória e outros marcadores inflamatórios (Thomas & Williams, 
2008). Além disso, do nosso conhecimento, nenhum estudo até ao momento 
analisou as inter-relações ou associações combinadas entre aptidão 
cardiorrespiratória, inflamação e um risco cardiometabólico agregado, em 
adolescentes. 
A aptidão muscular é um constructo multidimensional que compreende 
uma função integrada da força muscular e que permite o desempenho do 
trabalho contra o próprio peso corporal ou uma resistência externa (Artero et al., 
2012; Pillsbury et al., 2013). Nos últimos 55 anos, uma grande quantidade de 
baterias de testes de aptidão física foram construídas com a finalidade de avaliar 
a condição músculo-esquelética na juventude (Pillsbury et al., 2013). Os testes 
variam dependendo dos seus protocolos específicos. Alguns avaliam a aptidão 
muscular de regiões específicas do corpo (parte superior e inferior do corpo, 
tronco, abdômen, parte inferior das costas), enquanto outros medem a função 
muscular isolada (por exemplo, força muscular, resistência ou potencia) ou 
combinados (Pillsbury et al., 2013). Embora a literatura apresente diversificadas 
opções, o teste de pressão manual (handgrip test) e o salto de impulsão 
horizontal (standing long jump test) parecem ser os testes que melhor 
representam globalmente a força e o poder músculo-esqueléticos na juventude. 
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Demonstrando validade, confiabilidade e viabilidade adequada para a inclusão 
em baterias de teste de aptidão física para todos os jovens (Pillsbury et al., 2013; 
Ruiz et al., 2011). 
A literatura atual apresenta resultados mais consistentes, referentes à 
associação entre a aptidão cardiorrespiratória e a agregação de fatores de risco 
cardiovascular na infância e na adolescência (Ortega et al., 2008). No entanto, 
emergiu recentemente um grande interesse nos efeitos independentes da 
aptidão muscular sobre a saúde física e metabólica (Smith et al., 2014). Estudos 
com adultos têm demonstrado que à aptidão muscular está inversamente e 
independentemente associada com a mortalidade por qualquer causa (Ortega et 
al., 2012; Volaklis, Halle, & Meisinger, 2015). Tendo isto em conta, o papel da 
força muscular na saúde cardiovascular tem sido cada vez mais reconhecida, 
devido à sua associação benéfica com perfil lipídico e resistência à insulina, 
mesmo em jovens (Ruiz, Ortega, Moreno, et al., 2008).  
Relativamente à população adolescente, estudos epidemiológicos têm 
indicado que uma maior força muscular está inversamente associada a 
agregação de fatores de risco cardiometabólicos (Artero et al., 2011; Jostein 
Steene-Johannessen et al., 2009). No entanto, no que diz respeito à inflamação 
de baixo grau, poucos estudos investigaram as associações entre aptidão 
muscular e marcadores inflamatórios, verificando-se ainda alguma 
inconsistência relativamente à associações (Smith et al., 2014). Por exemplo, 
um estudo com adolescentes Europeus (n=1025), encontraram uma associação 
negativa entre a aptidão muscular, a PCR e os fatores de complemento: C3 e 
C4 (Martinez-Gomez et al., 2012).  Outro estudo com adolescentes espanhóis 
(n=416), demonstrou associações entre C3 e PCR, mas não para C4 (Ruiz et 
al., 2008). Em contrapartida, um estudo realizado com 1467 crianças 
norueguesas encontrou associações somente para a PCR (Steene-
Johannessen et al., 2013). No entanto, importa realçar, que essas associações 
nem sempre foram independentes de outros potenciais fatores confundidores, 
como estagio maturacional, aptidão cardiorrespiratória, estatuto 
socioeconómico, ingestão alimentar ou adiposidade. Além disso, nenhum destes 
estudos tiveram em conta os possíveis efeitos das associações da aptidão 
muscular e de inflamação de baixo grau, no perfil de risco cardiometabólico.  
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Há evidências claras de que a doença cardiovascular tem suas origens 
na infância e na adolescência. Vários biomarcadores das DCV surgiram nos 
últimos anos. Parece necessário considerar esforços e atenção para entender 
melhor a ligação subjacente dos biomarcadores inflamatórios e novos fatores de 
risco não tradicionais, bem como possíveis comorbidades e riscos relacionados. 
A procura de novos biomarcadores que possam fornecer adequada sensibilidade 
e especificidade para refletir uma alta estratificação do risco cardiometabólico 
em idades pediátricas parece pertinente. Assim, sabendo que as DCV podem ter 
a sua génese já durante a infância e adolescência, parece plausível que seus 
fatores de riscos sejam amplamente investigados nesse período de vida. 
A relação inversa entre a aptidão cardiorrespiratória e aptidão muscular e 
biomarcadores inflamatório e metabólicos não é consensual (Martinez-Gomez., 
2012; Smith et al., 2014; Thomas & Williams, 2008). Não obstante a 
inconsistência de resultados e carência de estudos utilizando vários 
biomarcadores inflamatórios realçam a pertinência e uma emergente 
necessidade de se entender melhor o papel dos novos marcadores metabólicos 
e inflamatórios. Bem como, a magnitude da associação entre a aptidão 
cardiorrespiratória e muscular (como fatores de risco modificáveis) com estes 
novos biomarcadores e consequentemente à saúde cardiometabólica durante a 
adolescência.  
Tendo em conta as problemáticas e lacunas apresentadas anteriormente 
foram delineados os seguintes objetivos apresentados no capítulo seguinte.  
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OBJETIVOS 
 
Esta tese tem como objetivo; 1) verificar as associações entre vários 
biomarcadores inflamatórios e metabólicos e o risco cardiometabólico, em 
adolescentes e; 2) verificar as associações entre aptidão cardiorrespiratória e 
aptidão muscular e biomarcadores inflamatórios, no risco cardiometabólico, em 
adolescentes.  
Para tentar responder estes objetivos, sete estudos foram elaborados. 
Sendo, dois artigos originais para responder o objetivo 1 e outros cinco para 
responder o objetivo 2.  
 
Objetivos específicos:  
Objetivo 1 
 Artigo I - Identificar a capacidade de vários biomarcadores 
cardiometabólicos e inflamatórios e um Score agrupado de 
biomarcadores inflamatórios (InflaScore) em prever risco 
cardiometabólico elevado; avaliar as associações entre os pontos de 
corte preditivos de biomarcadores e o risco cardiometabólico 
elevado.  
 Artigo II - Verificar as associações da leptina, adiponectina e a razão 
leptina/adiponectina com o risco cardiometabólico.  
Objetivo 2 
 Artigo III - Examinar as associações entre a aptidão muscular e os 
níveis séricos de adiponectina. 
 Artigo IV - Examinar as associações entre a aptidão 
cardiorrespiratória e os níveis séricos de adiponectina em 
adolescentes com e sem excesso de peso. 
 Artigo V - Investigar as associações do efeito combinado da aptidão 
cardiorrespiratória e o perfil inflamatório no risco cardiometabólico. 
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 Artigo VI - Avaliar as associações entre a aptidão muscular e os 
biomarcadores inflamatórios; investigar o efeito combinado de 
aptidão muscular e inflamação num score de risco cardiometabólico. 
 Artigo VII - Avaliar as associações entre aptidão muscular e 
inflamação na resistência à insulina; investigar o impacto combinado 
da aptidão muscular e da inflamação nos marcadores de resistência 
a insulina. 
 
ESTRUTURA DA TESE 
 
Esta tese foi organizada de acordo com o modelo designado 
“Escandinavo”. O capitulo I contém a introdução geral com o enquadramento 
teórico da pesquisa. O capítulo II apresenta os objetivos, a estrutura da tese e a 
metodologia geral. O capítulo III contém os artigos associativos entre os 
biomarcadores inflamatórios e metabólicos e o risco cardiometabólico. O capítulo 
IV contém os artigos das inter-relações entre a aptidão muscular e aptidão 
cardiorrespiratória, biomarcadores inflamatórios e metabólicos e o risco 
cardiometabólico. E por final, o capítulo V contém uma discussão geral dos 
principais resultados, as considerações finais e referencias bibliográficas.  
 
  
 
 
METODOLOGIA GERAL  
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METODOLOGIA GERAL  
 
A descrição completa dos métodos, procedimentos e medidas que foram 
utilizados nesta tese pode ser vista em cada um dos artigos apresentados. 
Resumidamente, os dados deste tese de doutoramento são derivados de um 
projeto de investigação intitulado “Longitudinal Analysis of Biomarkers and 
Environmental Determinants of Physical activity (LabMed Physical Activity 
Study)”, conduzido pelo Centro de Investigação em Atividade Física, Saúde e 
Lazer  (CIAFEL) da Faculdade de Desporto, da Universidade do Porto. Neste 
estudo foi considerada uma amostra de adolescentes, matriculada no ensino 
básico (7º ano de escolaridade) e no secundário (10º ano escolaridade), de cinco 
escolas do Norte de Portugal, com idades compreendidas entre os 12 e os 18 
anos. As escolas participantes já tinham acordos de colaboração estabelecidos 
com o centro de investigação da universidade e, portanto, foram selecionados 
por conveniência, por razões logísticas e orçamentais.  
Ao longo do estudo não foram aplicados quaisquer critérios de exclusão 
para evitar discriminações. No entanto, para a presente análise apenas os 
adolescentes aparentemente saudáveis foram considerados, ou seja, os 
participantes sem qualquer diagnóstico médico de deficiência física ou mental. 
Considerando potenciais recusas de participação no estudo, devido à 
análise de sangue ou o uso dos acelerómetros, foi permitido um "consentimento 
em partes". Isto permitiu os participantes consentir com apenas algumas partes 
do protocolo de estudo e outras não. Por exemplo, um adolescente poderia 
realizar avaliações de aptidão física e não usar os acelerómetros ou se recusar 
a submeter-se a coleta de sangue. 
Todos os alunos matriculados no 7º e 10º anos das escolas participantes 
foram convidados a fazer parte do estudo (n = 1678). A primeira recolha de 
dados decorreu ao longo do ano letivo 2011/2012 e contou com a participação 
de 1229 sujeitos, sendo que 534 concordaram em submeter-se a coleta de 
sangue. No entanto, 5 deles foram posteriormente excluídos das análises devido 
a valores de proteína C reativa> 10 mg / L, o que pode ser indicativo de alguma 
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doença ou inflamação aguda, deixando 529 adolescentes (267 meninas) como 
amostra final para todos estudos apresentado nesta tese. 
 Os participantes foram avaliados durante as aulas de Educação Física, 
por avaliadores especialmente treinados para esta recolha de dados (medidas 
antropométricas, baterias de testes de aptidão física, e aplicação de 
questionários e pressão arterial). As coletas de sangue foram realizadas por 
enfermeiras que se deslocaram às escolas para o efeito.  
Todos os participantes foram informados sobre os objetivos do estudo; os 
próprios bem como os seus pais/encarregados de educação forneceram 
consentimento informado escrito. O estudo foi aprovado pela Faculdade de 
Desporto. Foram ainda recolhidas as autorizações da Comissão Nacional de 
Proteção de Dados, (número: (#1112434/2011), do Ministério da Educação 
(número: 0246200001/2011) e da Direção das escolas. O mesmo foi conduzido 
de acordo com a Declaração da Associação Médica Mundial Helsinki para 
estudos humanos.  
A Tabela 1 mostra o resumo dos procedimentos estatísticos e variáveis 
incluídas em cada artigo desta tese. 
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Tabela 1 – Resumo dos procedimentos estatísticos e variáveis incluídas em cada 
artigo desta tese. 
Artigos  
Tamanho 
da 
Amostra 
Idade 
Principais variáveis 
exploradas 
Covariáveis 
 
Procedimentos 
estatísticos  
Artigo I  
529  
(267 ♀) 
12-18 
anos 
 
biomarcadores 
inflamatórios, risco 
cardiometabólico 
idade, sexo, estagio 
maturacional, adesão à 
dieta mediterrânea e 
estatuto socioeconómico 
test t, 
Curvas ROC, 
Regressões Logísticas 
Artigo II  
529  
(267 ♀) 
12-18 
anos 
 
Leptina, 
adiponectina, razão 
L/A, risco 
cardiometabólico 
idade, sexo, estagio 
maturacional, adesão à 
dieta mediterrânea e 
estatuto socioeconómico 
test t, correlações 
parciais, Curvas ROC, 
regressões lineares 
múltiplas 
Artigo III  
529  
(267 ♀) 
12-18 
anos 
 
adiponectina, 
aptidão muscular 
idade, sexo, estagio 
maturacional, adesão à 
dieta mediterrânea e 
estatuto socioeconómico, 
adiposidade, HOMA-IR, 
HDL, PCR e aptidão 
cardiorrespiratória 
test t, correlações 
parciais, regressões 
lineares múltiplas e 
ANCOVA 
Artigo IV  
529  
(267 ♀) 
12-18 
anos 
adiponectina, 
aptidão 
cardiorrespiratória 
idade, sexo, estagio 
maturacional, adesão à 
dieta mediterrânea e 
estatuto socioeconómico, 
adiposidade, HOMA-IR, 
HDL, PCR 
test t, correlações 
parciais, regressões 
lineares múltiplas e  
ANCOVA 
Artigo V  
529 
(267♀) 
12-18 
anos 
biomarcadores 
inflamatórios, aptidão 
cardiorrespiratória, 
risco 
cardiometabólico 
idade, sexo, estagio 
maturacional, adesão à 
dieta mediterrânea e 
estatuto socioeconómico 
test t, correlações 
bivariadas, regressões 
lineares múltiplas, 
regressões logísticas e 
ANCOVA 
Artigo VI  
529  
(267 ♀) 
12-18 
anos 
biomarcadores 
inflamatórios, 
aptidão muscular, 
risco 
cardiometabólico 
idade, sexo, estagio 
maturacional, adesão à 
dieta mediterrânea e 
estatuto socioeconómico, 
adiposidade, aptidão 
cardiorrespiratória 
test t, correlações 
parciais regressões 
lineares múltiplas, e 
ANCOVA 
Artigo VII  
529  
(267 ♀) 
12-18 
anos 
 
aptidão muscular, 
insulina, glicemia, 
HOMA-IR, 
biomarcadores 
inflamatórios 
 
idade, sexo, estagio 
maturacional, adesão à 
dieta mediterrânea e 
estatuto socioeconómico, 
adiposidade aptidão 
cardiorrespiratória 
ANOVA, regressões 
lineares múltiplas, 
ANCOVA, regressões 
logísticas 
 
 
 
CAPÍTULO III 
 
 
 
Associações entre biomarcadores inflamatórios e metabólicos e o risco 
cardiometabólico 
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ABSTRACT 
 
 
OBJECTIVE: To evaluate the ability of several nontraditional cardiometabolic 
and inflammatory biomarkers in identifying a high cardiometabolic risk in 
adolescents. 
SUBJECTS/METHODS: A cross-sectional study was conducted with 529 
Portuguese adolescents (267 girls) aged 14.3 ± 1.7 years. A clustered 
cardiometabolic risk score was computed. Receiver operating characteristic 
(ROC) curves were used to explore the ability of each biomarker (C3, C4, hs-
CRP, fibrinogen, leptin, WBC, albumin, IL-6), and a clustered score of 
inflammatory biomarkers (InflaScore) (C3, C4, hs-CRP, fibrinogen, leptin), to 
discriminate between low/high cardiometabolic risk.  
RESULTS: ROC curves analyses showed that C3, C4, hs-CRP, fibrinogen, 
leptin, and an InflaScore were able to present discriminatory ability in identifying 
an unfavorable cardiometabolic profile in both girls and boys (p < 0.01 for all). 
Logistic regression analyses showed that C3, C4, hs-CRP, fibrinogen, leptin, and 
the InflaScore (in both sexes) and WBC (boys) were associated with high 
cardiometabolic risk, independently of age, pubertal stage, socioeconomic 
status, or adherence to a Mediterranean diet (p < 0.05 for all).  
CONCLUSIONS: C3, C4, hs-CRP, fibrinogen, and leptin were associated with 
high cardiometabolic risk in both sexes and WBC for the boys. In addition, the 
clustered inflammatory biomarkers seem to have better diagnostic accuracy in 
identifying an unfavorable cardiometabolic profile than single biomarkers.  Such 
biomarkers may have utility in motivating health professionals, public health 
workers and adolescents' families toward lifestyle changes, improving prevention 
efforts early in life.  
  
 
Key words: Youth, cardiometabolic biomarkers, Low-grade inflammation, ROC 
curves. 
 
IMPLICATIONS AND CONTRIBUTION 
 
Our results highlight the ability and utility of several biomarkers and a clustered 
score of inflammatory biomarkers in detecting a higher cardiometabolic risk in 
adolescents and show that C3, C4, hs-CRP, fibrinogen and leptin presented 
discriminatory ability in identifying unfavorable cardiometabolic profiles in both 
girls and boys and WBC in boys. 
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Introduction 
 
Cardiovascular disease (CVD) represents the main cause of death in 
developed countries [1]. The increase in the prevalence and severity of metabolic 
syndrome in children and adolescents is likely to lower the age of onset and 
increase the incidence of CVD worldwide [2]. Despite different definitions of 
metabolic syndrome, most authors agree that metabolic syndrome is a cluster of 
three or more of the following risk factors: hypertension, high levels of 
triglycerides, hyperglycemia, high-density lipoproteins (HDL) cholesterol levels, 
and adiposity [3]. However, cardiorespiratory fitness has been reported as a 
powerful marker of health in childhood, and its inclusion with the metabolic 
syndrome definition has been proposed [4]. Moreover, the lack of a universal 
agreement on what should be the best definition of metabolic syndrome for 
pediatric ages has led some authors to propose a cardiometabolic risk score to 
account for the clustering of several CVD risk factors in children and adolescents 
[4,5]. This approach has been widely used in epidemiology pediatric research, as 
this method takes into consideration the continuous, graded, and cumulative 
nature of CVD risk [4]. 
The presence of metabolic risk factors and obesity during childhood seems 
to track and predict the development of CVD later in life [3]. Although CVD does 
not become clinically apparent until adulthood, its underlying process, 
atherosclerosis, has its genesis during childhood and adolescence with a low-
grade inflammation process [6]. This process is induced by a complex system 
involving several cytokines, which are produced by different and diverse cell 
types in the immune system and adipose tissue [2]. As such, and guided by 
advances in the understanding of the pathophysiology of atherosclerosis and 
motivated by the challenge of assessing CVD risk in a diverse population, 
researchers are still focused on the development and application of novel 
biomarkers for risk stratification and prediction of future cardiovascular events [2]. 
Several biomarkers of CVD have emerged in the last years. Complement 
factors C3 and C4 are acute-phase proteins, important components of the 
complement pathways of the immune system that associate with increased levels 
of CVD risk factors with pro-inflammatory effects [7]. IL-6 is an interleukin that 
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acts as both a pro-inflammatory and an anti-inflammatory cytokine, secreted by 
T cells and macrophages to stimulate the inflammatory and auto-immune 
processes in many diseases, such diabetes and atherosclerosis [8,9]. In addition, 
C-reactive protein (CRP) (an acute-phase protein) and fibrinogen (a main 
coagulation protein), both synthesized in the liver, have been linked with an 
increased risk of CVD and associated with low-grade inflammation [10]. 
Adipocytokines, such as leptin and adipose tissue-derived molecules, have been 
associated with overweight, impaired vascular function, and insulin resistance as 
well as acute cardiovascular events [11]. The peripheral circulating  WBC is an 
important biomarker of systemic inflammation and other inflammatory conditions, 
and is associated with coronary heart disease, type 2 diabetes, and multiple 
components of metabolic syndrome[12,13]. 
Studies in the adult population have suggested that biomarkers of these 
newly appreciated aspects of CVD have the potential to augment clinical risk 
stratification by aiding in the prediction, identification, and assessment of 
cardiometabolic risk [14–17]. However, not much is known about their role in 
predicting CVD risk during childhood and adolescence [2].  At these early ages, 
inflammatory biomarkers have been associated with individual and traditional 
CVD risk factors [18], as well as clustered CVD risk factors [19]. However, these 
associations were not always independent of other potential confounders such 
as pubertal status, socioeconomic status, and dietary intake. In addition, most of 
the knowledge on the accuracy of these novel biomarkers to predict CVD risk 
factors has been derived from studies with adult subjects [20].  In this context, 
considerable effort and attention are needed to better understand the underlying 
linking of nontraditional cardiometabolic and inflammatory biomarkers levels and 
related co-morbidities [20]. Therefore, the search for novel biomarkers that may 
adequately provide sensitivity and specificity to reflect a high metabolic risk 
stratification in the pediatrics age seems pertinent.  
The present study aimed (i) to identify the ability of several nontraditional 
cardiometabolic and inflammatory biomarkers and a clustered score of 
inflammatory biomarkers (InflaScore) to predict high cardiometabolic risk in 
adolescents, and (ii) to assess the association between the predictive cut points 
of biomarkers and high cardiometabolic risk in adolescents.  
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Methods 
Study Design and Sample 
Adolescents included in this analysis are part of the Longitudinal Analysis 
of Biomarkers and Environmental Determinants of Physical activity (LabMed 
Physical Activity Study), a school-based prospective cohort study carried out in 
Portugal Northern Region. We selected 5 secondary schools, which had already 
collaboration agreements established with our research center and therefore 
were selected primarily for pragmatic, budgetary and logistical reasons. The 
LabMed Study methodology has been published elsewhere [21]. Briefly, form the 
initial sample of 1017 participants, 534 agreed to undergo blood sampling. 
However, five of them were later excluded from the analysis due to C-reactive 
protein values >10mg/L, which may be indicative of acute inflammation or illness, 
leaving 529 adolescents (267 girls, mean age 14.3±1.7 years) as the final sample 
for the present study. None of the subjects were taking any medication or had 
any clinically manifest illness. However, for the present analysis only apparently 
healthy adolescents were considered. 
The LabMed Study was conducted in accordance with the Helsinki 
Declaration for Human Studies and approved by the Portuguese Data Protection 
Authority (#1112434/2011) and the Portuguese Ministry of Science and 
Education (0246200001/2011). All participants were informed of the study’s 
goals, and written informed consent was obtained from participants and their 
parents or legal guardians. 
Measures 
Anthropometrics 
Body height was measured to the nearest 0.1 cm in bare or stocking feet 
with the adolescent standing upright against a portable stadiometer (Seca 213, 
Hamburg, Germany). Body weight was measured to the nearest 0.10 kg with the 
participant lightly dressed using a portable electronic weight scale (Tanita Inner 
Scan BC 532, Tokyo, Japan) [22]. Body fat percentage was measured by 
bioelectrical impedance with a frequency current of 50 kHz (Tanita Inner Scan 
BC 532, Tokyo, Japan). Participants were asked to fast overnight for at least 10 
hours [23].  
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Blood Pressure 
Blood pressure (BP) was measured using a Dinamap vital signs monitors 
(model BP 8800, Critikon, Inc., Tampa, Florida). Trained nurses took 
measurements, and all adolescents were required to sit and rest for at least 5 
min prior to the first blood pressure measurement. Participants were in a seated, 
relaxed position with their feet resting flat on the ground. Two measurements in 
the non-dominant arm were taken, after five and 10 min of rest. The mean of 
these two measurements was considered. If the two measurements differed by 
two mmHg or more, a third measure was taken [24]. 
Pubertal stage 
 Participants self-assessed their pubertal stage of secondary sex 
characteristics (breast and pubic hair development for girls, genital and pubic hair 
development for boys; ranging from stage I to V), according to the criteria of 
Tanner and Whitehouse [25]. 
Blood Sampling 
Blood samples were obtained from each subject early in the morning, 
following a 10-hour overnight fast by venipuncture from the antecubital vein.  The 
samples were stored in sterile blood collection tubes in refrigerated conditions (4° 
to 8°C) for no longer than 4 hours during the morning of collection and then sent 
to an analytical laboratory for testing according to standardized procedures, as 
follow:  Traditional Risk Factors; HDL-Cholesterol, Precipitation of the 
Apolipoprotein B containing lipoproteins with dextran-magnesium-chloride 
(Siemens Advia 1600/1800 Erlangen, Germany); Glucose, Hexokinase method 
(Siemens Advia 1600/1800 Erlangen, Germany); Insulin, Chemiluminescence 
immunoassay (Siemens ACS Centaur System, Erlangen, Germany); Total 
cholesterol (TC) CHOD-POD enzymatic method (Siemens Advia 1600/1800); 
Triglycerides, enzyme glycerol phosphate oxidase method (GPO) (Siemens 
Advia 1600/1800 Erlangen, Germany).  Nontraditional biomarkers; hs-C-
Reactive Protein, latex enhanced immunoturbidimetric assay (Siemens Advia 
1600/1800 Erlangen, Germany);  IL-6, Chemiluminescence immunoassay 
(Immulite 2000, Diagnostic Products Corporation, Los Angeles, CA); Fibrinogen, 
Clauss method (Siemens BCS System, Erlangen, Germany); Complement 
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factors C3 and C4, Immunoturbidimetric assay (Siemens Advia 1600/1800, 
Erlangen, German; Albumin, Colorimetric method - Bromcresol green assay 
(BCG) (Siemens Advia 2120i, Erlangen, Germany); (ix) WBC, Flow cytometry 
(Siemens Advia 2120i, Erlangen, Germany). Leptin CRP, C3, C4 and IL-6 were 
determined in serum and fibrinogen was determined in plasma. All assays were 
performed in duplicate according to the manufacturers’ instructions. 
Socioeconomic Status 
 Adolescents’ socioeconomic status was assessed with the Family 
Affluence Scale as previously described elsewhere [21].  
Adherence to the Mediterranean diet  
 To assess the degree of adherence to the Mediterranean diet the 
KIDMED index (Mediterranean Diet Quality Index for children and adolescents) 
was used [26]. The index is based on a 16-questions self-administered, which 
sustain the principles of the Mediterranean dietary patterns, as well as, those that 
undermine it. The results of Index varied between 0 and 12 points. The questions 
that have one negative connotation in relation to Mediterranean diet were equal 
to (-1), the questions that constitute positive aspect were equal to (+1). A 
continuum variable was computed to perform the statistical analyses.  
Cardiorespiratory Fitness 
 Cardiorespiratory fitness was measured using the 20 meters shuttle run 
test (20mSRT) as previously described by Léger [27]. Cardiorespiratory profile 
was derived by computing standardized values of the number of completed laps 
performed by each participant [Z-score = (participant’s value - mean value of the 
sample) / standard deviation)] by age and sex and used as a continuous variable. 
Data management 
The homeostatic model assessment (HOMA-IR), calculated as the product 
of basal glucose (mmol/L) and insulin (µlU/mL) levels divided by 22.5, and was 
used as a proxy measure of insulin resistance [28]. A continuous score 
representing a composite Cardiometabolic Risk  profile was derived by computing 
standardized values [Z-score = (participant’s value - mean value of the sample) / 
standard deviation)] by age and sex, as a continuous score from the sum of the 
38 
 
variables (body fat%, systolic blood pressure, triglycerides, ratio total 
cholesterol/HDL-cholesterol, HOMA-IR and [20 m SRT (number of laps) 
multiplied by (-1)] as already proposed for adolescents [4]. High risk of 
cardiometabolic risk score was considered when the individual had ≥1 SD of this 
score as proposed by Andersen et al. [5]. We also computed a continuous score 
of clustered inflammatory biomarkers (InflaScore) by summing the Z-scores by 
age and sex from the biomarkers that showed significant (p< 0.05) AUCs to the 
diagnostic performance in identifying High cardiometabolic risk in both (C-
reactive protein, C3, C4, fibrinogen and leptin). 
Statistical Analysis 
Descriptive data are shown as means and standard deviations. 
Independent Two-tailed t-Tests for continuous variables and Chi-square for 
categorical variables were used to examine sex differences. 
ROC curves were used to analyze the ability of several biomarkers 
(albumin, hs-CRP, Fibrinogen, Leptin, C3, C4, WBC, IL-6 and a InflaScore 
estimation in discriminating a high cardiometabolic risk score providing the best 
trade-off between sensitivity and specificity. The AUC, ranging between 0 and 1 
(a worthless and a perfect test, respectively), is a global indicator of diagnostic 
performance, and represents the ability of the test to correctly classify the 
participants with high cardiometabolic risk score. ROC curves analysis showed 
how well each biomarker performed in identifying high cardiometabolic risk, as 
indicated by p values <0.05 and an AUC >0.5. Cut-off points were chosen based 
in the highest Youden index, i.e., the point on the ROC curve that is farthest from 
line of equality. 
Based on the cut-off values suggested by the ROC curves, logistic 
regression analyses were performed to further study the relationships between 
cardiometabolic risk score and each biomarker, adjusted for the following 
potential confounders: age, pubertal stage, socioeconomic status and adherence 
to Mediterranean diet. Regression logistic models were constructed only when 
the estimation method of cardiometabolic risk score, in prior ROC analysis, 
presented discriminatory ability (AUC>0.5 and p value <0.05) for the biomarker 
in question. Variables were tested simultaneously. 
Data analysis was performed using the Statistical Package for the Social 
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Sciences for Windows (Version 21.0 SPSS Inc., Chicago, IL) and MedCalc 
(Version 11.1.1.0 MedCalc, Mariakerke, Belgium). A p value < 0.05 denoted 
statistical significance.  
Results  
Descriptive characteristics of the participants are presented in Table 1. 
Boys showed higher levels of C-reactive protein, systolic blood pressure and 
cardiorespiratory fitness (p<0.05 for all). Girls presented higher levels of leptin, 
fibrinogen, triglycerides and HDL-cholesterol (p<0.05 for all).  
 
Table 1. Participants’ characteristics.  
 Mean (SD) 
 
 
Characteristics 
All 
(n=529) 
Girls 
(n=267) 
 
Boys 
(n=262) 
Age (year) 14.33(±1.73) 14.27(±1.71) 14.39(±1.74) 
Weight (Kg) 55.15(±12.81) 53.44(±11.18) 56.89(±14,10)* 
Height  (cm) 160.27(±9.59) 157.7(±6.68) 162.9(±11.3)* 
Body fat percentage 20.67 (± 8.34) 25.39 (± 7.0) 15.86 (± 6.7)* 
BMI (kg m2) 21.31(±3.84) 21.41(±3.96) 21.20(±3.73)* 
Pubertal stage-A %    
II  7.8 3 12.6 
III  32.3 29.2 35.5 
IV  46.7 54.3 38.9 
V  13.2 13.5 13 
Pubertal stage-B %     
II  7 2.2 11.9 
III  21.7 24.0 19.5 
IV  49.5 46.8 52.3 
V  21.7 27 16.4 
Albumin (g/dL) 4.67(±0.010)  4.64(±0.21) 4.70(±0.20) 
C3 (mg/dL) 117.44(±0.67) 118.24 (± 15.90) 116.63( ± 15.96) 
C4 (mg/dL) 20.80(±0.26) 21.04 (± 6.34) 20.54 (± 6.05) 
CRP mg/L 0.95(±1,88) 0.77 (±2.17) 1.13(±2.12)* 
Fibrinogen (mg/dL) 264 (± 43.2) 268.13 (± 41.72) 259.77 (± 44.43)*  
HDL-Cholesterol(mg/dL) 54.39(±11.95) 57.31(±12.08) 51,31(±10.99)* 
IL6 (ng/L) 3.80(±5,08)  3.70(±4.49) 3.91(±5.47) 
Insulin resistance (HOMA-IR) 3.45(±5.38) 3.51(±1.83) 3.39(±7.41) 
Leptin (ng/mL) 4.12 (± 4.93) 6.21 (± 5.6) 1.98 (± 2.85)*  
Ratio Total cholesterol/HDL 2.89(±0.60) 2.84(±0.58) 2.94(±0.61) 
Triglycerides (mg/dL) 67.69(±32.31) 71.35(±32.67) 63.96(±31.57)* 
Systolic Blood Pressure (mm Hg) 119.20(±12.65) 118.00(±11.61) 120.46(±13.55)* 
20 m SRT (Nr. laps) 44.90(±1.12) 31.87(±15.25) 58.15(±26.63)* 
Socioeconomic Status (FAS) 6.40(±1.70) 6.43(±1.73) 6.36(±1.68) 
KIDMED Index 7.11(±2.05) 7.19(±1.98) 7.02(±2.13) 
*Significantly different from girls (p<0.05) - Independent Two-tailed t-Tests for continuous variable 
and chi-square for categorical variables.  
BMI: body mass index; HOMA-IR, homeostasis model assessment of insulin resistance; CRP, C 
- reactive protein; FAS, Family Affluence Scale; SRT: shuttle run test; KIDMED Index, adherence 
to the Mediterranean index. 
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Table 2 presents the parameters of the ROC curves analyses to the 
diagnostic performance of each biomarkers in identifying High cardiometabolic 
risk in girls and boys. We found significant AUCs for C3, C4, hs-CRP, Fibrinogen, 
Leptin and InflaScore for both sexes and for WBC in boys (p<0.05 for all). 
 
 
Table 2. Parameters of the ROC curves analysis for the diagnostic performance of 
inflammatory markers an in identifying high cardiometabolic risk in girls and boys 
  C3 C4 CRP Fibrinogen Leptin IL-6 WBC Albumin *InflaScore 
H
ig
h
 C
a
rd
io
m
e
ta
b
o
li
c
 R
is
k
  
 
Girls (n=267) 
AUC 0.75 0.62 0.67 0.72 0.74 0.55 0.55 0.54 0.79 
95% CI 0.69-0.80   0.56-0.67 0.61-0.73 0.66-0.77 0.68-0.79 0.49-0.61 0.47-0.59 0.48-0.60 0.79-0.83 
p value 0.001 0.023 0.004 <0.001 <0.001 0.235 0.524 0.394 <0.001 
Cut-off ≥120 ≥23 ≥0.17 ≥291 ≥8.3 ≥2 ≥6.9 ≥4.75 ≥0.18 
Sensitivity (%) 76.47 52.94 73.53 58.82 61.76 73.53 64.71 38.24 73.53 
Specificity (%) 62.66 71.24 60.09 79.40 81.55 40.77 47.21 74.68 72.10 
 
Boys (n=262) 
AUC 0.77 0.63 0.65 0.69 0.85 0.57 0.66 0.53 0.85 
95% CI 0.71-0.82 0.56-0.68 0.59-0.71 0.63-0.74 0.80-0.89 0.51-0.63 0.55-0.71 0.47-0.59 0.75-0.87 
p value 0.001 0.008 <0.001 <0.001 <0.001 0.107 <0.001 0.454 <0.001 
Cut-off  ≥116 ≥23 ≥0.34 ≥292 ≥1.8 ≥2.6 ≥6.5 ≥4.61 ≥1.03 
Sensitivity (%) 83.78 48.65 70.27 51.4 81.08 45.95 78.38 75.68 80.6 
Specificity (%) 61.33 75.11 60.00 83.6 79.56 72.00 48.00 34.67 82.9 
Abbreviations: AUC, Area under the curve; CI, confidence intervals; CRP, high-sensitivity C-reactive 
protein; C3 and C4, complement factors 3 and 4; WBC, White blood cells; IL-6, Interleukin-6. 
Cardiometabolic Risk score: (body fat%, systolic blood pressure, triglycerides, ratio total cholesterol/HDL-
cholesterol, HOMA-IR and [20 m SRT (number of laps) multiplied by (-1)] 
*InflaScore; Clustered Score of Inflammatory Biomarkers was computed as the sum of 
the following z-scores by age and sex: CRP + C3 + C4 + Leptin + Fibrinogen.  
 
 
As shown in table 3 the number (and %) of participants depending on 
whether adolescents are below or above the cut-off value suggested by the ROC 
curves, are provided. In addition, logistic regression analyses adjusted for age, 
pubertal stage, socioeconomic status and adherence to Mediterranean diet were 
performed for the estimation High cardiometabolic risk that, in prior ROC 
analysis, revealed discriminatory ability (AUC>0.6) for each biomarker. Results 
show positive and significant associations between high cardiometabolic risk and 
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C3, C4, CRP, fibrinogen, leptin and InflaScore in both sexes and WBC for boys 
(p<0.05 for all), after adjustments for the above-mentioned confounders.  
 
 
Table 3. Number and percentage of boys and girls below and above the cut-off 
value and associations between high cardiometabolic risk and biomarkers, 
adjusted for age, pubertal stage, socioeconomic status and KIDMED index. 
C
a
rd
io
m
e
ta
b
o
li
c
 R
is
k
 S
c
o
re
 
 Cut-off n (%) 
High CMR 
n (77) 
OR 
95% CI p 
 Complement C3 
Girls 
< 120 154 (57.7) 1   
 120 113 (42.3) 5.32 (2.29–12.36) <0.001 
Boys 
< 116 144 (55.0) 1   
 116 118 (45.0) 10.07 (3.85–26.36) <0.001 
 Complement C4 
Girls 
< 23.0 182 (68.2) 1   
 23.0 85 (31.8) 2.81 (1.32-5.99) 0.007 
Boys 
< 23.0 188 (71.8) 1   
 23.0 74 (28.2) 2.75 (1.33–5.68) 0.006 
 C-reactive protein 
Girls 
< 0.17 149 (55.8) 1   
 0.17 118 (44.2) 5.13 (2.16-12.14) <0.001 
Boys 
< 0.34 146 (55.7) 1   
 0.34 116 (44.3) 3.87 (1.76–8.50) 0.001 
 Fibrinogen 
Girls 
< 291 199 (74.5) 1   
 291 68 (25.5) 6.57 (2.95–14.64) <0.001 
Boys 
< 292 206 (78.6) 1   
 292 56 (21.4) 6.12 (2.82–13.26) <0.001 
 Leptin 
Girls 
< 8.3 203 (76.0) 1   
 8.3 64 (24.0) 7.86 (3.50–17.64) <0.001 
Boys 
< 1.8 186 (71.0) 1   
 1.8 76 (29.0) 24.46 (9.18–65.17) <0.001 
                             WBC 
Girls 
-  - -   
- - - - - 
Boys 
< 6.5 146 (55.7) 1   
 6.5 116 (44.3) 3.08 (1.33–7.14) 0.008 
   InflaScore   
Girls 
< 0.18 167 (88.0) 1   
 0.18 100 (24.0) 5.67 (3.50–8.16) <0.001 
Boys 
< 1.03 179 (68.3) 1   
 1.03 83 (31.7) 6.56 (3.02–10.23) <0.001 
 
Abbreviations: CI, confidence intervals; OR, odds ratios; CMR, cardiometabolic 
risk 
 
 
 
 
42 
 
Discussion 
 
Our study shows that C3, C4, hs-CRP, fibrinogen, leptin, and InflaScore 
presented discriminatory ability in identifying unfavorable cardiometabolic profiles 
in both girls and boys and WBC in boys; the InflaScore seems to have a higher 
diagnostic accuracy in identifying an unfavorable cardiometabolic profile than 
single biomarkers. In addition, the proposed cutoffs for C3, C4, hs-CRP, 
fibrinogen, leptin, and InflaScore were positively associated with high 
cardiometabolic risk independently of age, pubertal stage, socioeconomic status, 
or adherence to a Mediterranean diet in both sexes and WBC in boys. Previous 
studies have used a clustered score of inflammatory biomarkers in pediatric 
studies to account for the inflammatory profile [29,30]. In addition, with a similar 
score as ours, González-Gil and colleagues have shown that an ideal 
cardiovascular health is associated with a lower inflammatory profile in European 
adolescents [30]. However, we are not aware of any study that has tested the 
accuracy of an InflaScore in identifying high cardiometabolic risk in adolescents. 
This approach may provide a more comprehensive assessment of the 
inflammatory status in adolescence than single biomarkers. In our study, 
fibrinogen, C3, and leptin presented the highest area(s) under the curve (AUC) 
in both sexes in our study.  These results are in accordance with the HELENA 
Study, which showed that C3, C4, hs-CRP, leptin, and WBC are associated with 
individual cardiometabolic risk factors in European adolescents after adjusting for 
age, sex, and pubertal stage [29]. 
The complement system has been implicated in several metabolic 
outcomes. Thereby, complement links adipose tissue inflammation to systemic 
metabolic derangements, such as low-grade inflammation, insulin resistance, 
and dyslipidemia [31]. Moreover, complement factors have been implicated in 
pathophysiological mechanisms of diet and alcohol-induced liver damage, 
hyperglycemia, endothelial dysfunction, atherosclerosis, and fibrinolysis [31]. In 
our study, complement factors C3 and C4 were associated with a high 
cardiometabolic risk score in both sexes. Furthermore, in girls, C3 showed the 
highest UAC compared to other biomarkers.  
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As found in our study, Huang and colleagues [32] also showed in 
adolescents that girls have higher plasma leptin levels per fat mass than boys, 
despite some obvious sexual dimorphic characteristics; that is, boys were heavier 
than girls but girls had a higher percentage of fat mass. Interestingly, in our study, 
when considering single biomarkers, leptin showed the greatest AUC and the 
highest association to predict a high cardiometabolic risk score in boys compared 
to girls. Indeed, leptin is produced mainly by adipose tissue and shows strong 
correlations with obesity [11]. However, the leptin’s action is not exclusive in the 
adipose tissue, occurring also in the liver, skeletal muscle, intestinal function, and 
the accompanying relationships with diet-induced obesity [11]. Moreover, obese 
individuals have, in most cases, high levels of circulating leptin; however, this is 
not a rule. The failure of these high levels to control body weight suggests the 
presence of a resistance process to the hormone that could be partly responsible 
for disturbances to body weight regulation. Leptin’s ability to regulate blood 
glucose independently of food intake and body weight provides strong evidence 
that leptin is not just an appetite or obesity hormone [33]. In our study, we showed 
that leptin is associated with a cardiometabolic risk score independently of sex, 
pubertal stage, or adherence to a healthy diet. 
C-reactive protein has been associated with metabolic risk factors in 
children [10]. Andersen and colleagues, in a study with 9-year-old children, also 
showed that hs-CRP was associated with fitness, fatness, and a CVD risk score 
[19].  There is growing interest in suggesting cut points for CRP for the early 
detection of CVD risk. Applying cutoff values of CRP concentration [20] to 
distinguish between a low (1 mg/L), moderate (1 to 3 mg/L), and high (3 mg/L) 
risk of CVD has been widely used to classify children and adolescents in states 
of low-grade inflammation risk. However, these cut points are derived from adult 
studies [20].  Our results showed that girls with CRP above 0.17 mg/L and boys 
above 0.34 mg/L had an OR of 5.13 and 3.87, respectively, of having an 
unfavorable cardiometabolic profile. Future longitudinal studies should be carried 
out to understand the role of different levels of this protein on CVD risk 
stratification during childhood and adolescence. 
In our study, fibrinogen was also able to identify an unfavorable 
cardiometabolic profile in both sexes. Elevated levels of fibrinogen may contribute 
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to a pro-thrombotic state, and play a key function in platelet aggregation via the 
formation of fibrin.  Such levels are a major determinant of plasma viscosity and 
erythrocyte aggregation [34]. Only a few studies have evaluated the association 
between fibrinogen and metabolic risk factors in youth [10]. A Japanese study 
with 294 schoolchildren aged 10-13 years showed that high levels of fibrinogen 
were associated with cardiovascular risk factors such as ratio of total cholesterol 
to serum HDL cholesterol, BMI, and hs-CRP [35]. Similarly, Ferguson and 
colleagues [36] also showed that fibrinogen was associated with several indexes 
of adiposity. 
White blood cell has been proposed as an emerging and inexpensive 
biomarker for predicting future cardiovascular events [12]. Our results showed 
that WBC levels were able to identify a high cardiometabolic risk score only in 
boys. These results are partially consistent with previous studies that showed 
WBC was positively correlated with single metabolic risk factors such as BMI and 
triglycerides and negatively correlated with HDL cholesterol in boys, but not in 
girls [13,37]. 
A few limitations in this study should be considered and caution should be 
taken in the interpretation of the findings. Firstly, our cross-sectional design does 
not allow to establish causality. Secondly, assessment of other biomarkers, which 
could have shown additional information on prognostic assessment. Moreover, 
follow-up studies with vascular end points assessment would help us to better 
understand the diagnostic accuracy over time of inflammatory biomarkers on 
CVD. Thirdly, although the clustering of CVD risk factors track from childhood to 
adulthood, [38] it is still unclear how risk levels in childhood and adolescence are 
related to later CVD. Nevertheless, a composite continuum score of 
cardiometabolic risk has been observed in several pediatric studies and has been 
demonstrated to be a good method to assess overall cardiometabolic risk [4]. 
Moreover, there is a wide heterogeneity in  categorical CVD risk factor clustering 
diagnoses such as the metabolic syndrome [3];  and, these categorical diagnoses 
methods seems to be unstable in  this age group [39], which suggest that 
metabolic syndrome has reduced utility for the study of CVD risk and its 
associations in pediatric populations. In addition, the inclusion of 
cardiorespiratory fitness in the cardiometabolic risk score improved the AUC, 
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sensibility and specificity of the biomarkers instead of using the same score 
without cardiorespiratory fitness (supplementary file – Table S1) as already 
suggested [4].  
The strengths of our study include the consideration of important 
confounding variables in our analysis, such as diet and pubertal status. 
Adherence to a Mediterranean Diet is considered as an important predictor of 
cardiometabolic health and is associated with a lower concentration of markers 
of inflammation, reduced triglycerides, insulin, insulin resistance, and systolic 
blood pressure [40].  Previous studies have shown that the adherence to a 
Mediterranean dietary pattern may have a dual effect on the prevention of CVD, 
by improving classical metabolic risk factors and by having an intense anti-
inflammatory effect [40]. In addition, the clustered score enabled us to develop 
two robust outcome variables encompassing the overall CVD risk and 
inflammatory profile of each individual. Apart from that, all analyses were 
stratified by sex and controlled for pubertal stage to account for the natural 
metabolic, hormonal, and body composition changes that occur during 
adolescence due to normal growth and development [10]. 
Our results have public health and clinical implications as adolescence has 
been reported as period of life where several behavioral and metabolic changes 
occur. In addition, Balagopal and colleagues [41] have reported that the effect of 
a lifestyle-only intervention, in youth, is clinically relevant in reducing circulating 
levels of inflammatory factors. Future efforts continue to be needed to identify 
adolescent clinical characteristics that could be used in screening tests to predict 
CVD risk in adulthood. Such biomarkers may have utility in motivating health 
professionals, public health workers, and adolescents' families toward lifestyle 
changes, improving prevention efforts early in life. However, from the public 
service point of view, due to the high costs of these biomarkers, lifestyle 
interventions remain the priority focus. 
Despite the cross-sectional design of this study and the fact that the AUC 
showed only moderated values, our results highlight the ability and utility of 
several nontraditional risk factors and a clustered score of inflammatory 
biomarkers in detecting a higher cardiometabolic risk in adolescents. Our findings 
also suggest that C3, C4, hs-CRP, fibrinogen, leptin, and the InflaScore were 
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positively associated with a high cardiometabolic risk, in both sexes, and WBC in 
boys, independently of age, pubertal stage, socioeconomic status, or adherence 
to a Mediterranean diet. Moreover, the use of an InflaScore seems to have a 
higher diagnostic accuracy in identifying an unfavorable cardiometabolic profile 
than single biomarkers.  
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Table-S1. Comparison parameters between ROC curves analysis for the diagnostic 
performance of inflammatory biomarkers in identifying two different high 
cardiometabolic risk score in girls and boys 
 
 
Abbreviations: AUC, Area under the curve; CI, confidence intervals; CRP, high-sensitivity C-reactive 
protein; C3 and C4, Complement factors 3 and 4; WBC, white blood cells; IL-6, interleukin-6; CRS, 
cardiometabolic risk score 
Values in bold represent the ROC curves indicating the MRF Score that presented the higher AUC for 
each biomarkers.  
CRS Score: body fat%, systolic blood pressure, triglycerides, ratio total cholesterol/HDL-cholesterol, 
HOMA-IR. 
CRS Score (with fitness): body fat%, systolic blood pressure, triglycerides, ratio total cholesterol/HDL-
cholesterol, HOMA-IR and [20 m SRT (number of laps) multiplied by (-1) 
 
  C3 C4 CRP Fibrinogen Leptin WBC IL-6 Albumin 
GIRLS 
 
CRS 
Score 
AUC 0.71 0.60 0.66 0.69 0.71 0.57 0.55 0.55 
95% CI 0.65-0.77 0.54-0.66 0.60-0.72 0.63-0.75 0.66-0.77 0.50-0.62 0.49-0.61 0.49-0.61 
p value <0.001 0.035 <0.001 <0.001 <0.001 0.180 0.224 0.283 
Cut-off ≥120 ≥23 ≥0.17 ≥291 ≥6.5 ≥6.9 ≥2 ≥4.43 
Sensitivity (%) 71.05 50.00 71.05 52.63 46.43 68.42 71.05 94.74 
Specificity (%) 72.45 71.18 60.26 79.04 67.44 48.03 40.61 18.34 
 
CRS 
Score 
with 
Fitness 
AUC 0.75 0.62 0.67 0.72 0.74 0.55 0.55 0.54 
95% CI 0.69-0.80 0.56-0.67 0.61-0.73 0.66-0.77 0.68-0.79 0.47-0.59 0.49-0.61 0.48-0.60 
p value 0.001 0.023 0.004 <0.001 <0.001 0.524 0.235 0.394 
Cut-off ≥120 ≥23 ≥0.17 ≥291 ≥8.3 ≥6.9 ≥2 ≥4.75 
Sensitivity (%) 76.47 52.94 73.53 58.82 61.76 64.71 73.53 38.24 
Specificity (%) 62.66 71.24 60.09 79.40 81.55 47.21 40.77 74.68 
   C3 C4 CRP Fibrinogen Leptin WBC IL-6 Albumin 
BOYS 
 
CRS 
Score 
AUC 0.75 0.61 0.63 0.66 0.81 0.67 0.55 0.55 
95% CI 0.69-0.80 0.54-0.66 0.57-0.69 0.59-0.71 0.76-0.85 0.61-0.72 0.48-0.61 0.49-0.62 
p value 0.001 0.02 <0.003 <0.001 <0.001 <0.001 0.242 0.233 
Cut-off ≥122 ≥23 ≥0.28 ≥292 ≥1.6 ≥6.5 ≥2.6 ≥4.59 
Sensitivity (%) 67.50 45.00 72.50 47.50 77.50 80.00 42.50 82.55 
Specificity (%) 74.77 74.77 55.86 83.33 75.68 48.65 71.62 32.00 
 
CRS 
Score 
with 
fitness 
AUC 0.77 0.63 0.65 0.69 0.85 0.66 0.57 0.53 
95% CI 0.71-0.82 0.56-0.68 0.59-0.71 0.63-0.74 0.80-0.89 0.55-0.71 0.51-0.63 0.47-0.59 
p value 0.001 0.008 <0.001 <0.001 <0.001 <0.001 0.107 0.454 
Cut-off ≥116 ≥23 ≥0.34 ≥292 ≥1.8 ≥6.5 ≥2.6 ≥4.61 
Sensitivity (%) 83.78 48.65 70.27 51.4 81.08 78.38 45.95 75.68 
Specificity (%) 61.33 75.11 60.00 83.6 79.56 48.00 72.00 34.67 
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ing evidence has shown that circulating levels of leptin are 
positively associated with obesity and metabolic abnor-
malities while adiponectin is inversely associated. For ex-
ample, hyperleptinemia and hypoadiponectinemia have 
been associated with an increase in fat tissue  [2, 3] and 
prediabetes  [4] , respectively. Additionally, a meta-analy-
sis  [5] reported a significant association between leptin 
and the risk of cardiovascular diseases (CVD; OR 1.90, 
95% CI 1.06–3.43) and strokes (OR 2.14, 95% CI 1.48–
3.08). Conversely, low adiponectin levels have been asso-
ciated with increased cardiovascular events and mortality 
rates  [6] . Therefore, adiponectin has been proposed as an 
independent CVD risk factor  [7] , and an insulin-sensitiz-
ing, anti-inflammatory, and anti-atherogenic adipokine 
 [8] . 
 Although leptin and adiponectin seem to be indepen-
dently associated with metabolic risk factors (MRF), the 
evaluation of the leptin/adiponectin (L/A) ratio has been 
proposed as a useful parameter to assess insulin resistance 
and as an atherosclerotic index in patients with type 2 
diabetes  [9] . The L/A ratio has shown to have a stronger 
association with the metabolic syndrome  [10, 11] than 
leptin or adiponectin separately. 
 However, most of the knowledge about the relation-
ship between the L/A ratio and MRF is derived from stud-
ies focusing on adult obese subjects or adults with meta-
bolic syndrome  [11, 12] . Indeed, a major factor in the in-
crease in adulthood chronic diseases has been the obesity 
epidemic. Compared with those of normal weight, adults 
who are obese have a 50–75% increased risk of CVD over 
3- to 14-year periods. In contrast, childhood obesity car-
ries a higher risk of several adult metabolic diseases. 
Therefore, these risks make childhood obesity an impor-
tant avenue of investigation, especially considering the 
rising number of obese children and adolescents in devel-
oped countries  [12] . 
 In childhood and adolescence, leptin and adiponec-
tin have been associated with individual and tradition-
al CVD risk factors  [13–15]  and clustered CVD risk fac-
tors  [16, 17] . However, these associations were not al-
ways independent of other potential confounders such 
as pubertal status, socioeconomic status, and dietary 
intake. Moreover, none of the previous studies analyzed 
the L/A ratio’s ability to predict MRF and its cluster. In 
addition, paradoxically, recent investigations have 
showed that adiponectin concentration is inversely as-
sociated with fitness  [15, 18] and emerging evidence 
suggests that high circulating adiponectin concentra-
tions may play a paradoxical role in the pathogenesis of 
CVD with an increased risk of total mortality in adult-
hood  [19] . However, in children and adolescents, the 
knowledge is limited. In this sense, studies with inclu-
sion of cardiorespiratory fitness as a CVD risk factor to 
analyze the association of adiponectin, leptin, and L/A 
ratio with a clustering of MRF seems to be an import 
approach to explore the ability of these adipocytokines 
to predict a cardiometabolic health. In this context, the 
present study aimed to evaluate the associations of 
leptin, adiponectin, and the L/A ratio with a clustering 
of MRF in adolescents aged 12–18 years. We hypothe-
sized that the L/A ratio is better associated with a clus-
ter of cardiovascular risk factors than with adiponectin 
or leptin alone.
 Methods 
 Study Design and Sample 
 The adolescents included in this analysis were part of the Lon-
gitudinal Analysis of Biomarkers and Environmental Determi-
nants of Physical activity (LabMed Physical Activity Study), 
which is a school-based prospective cohort study carried out in 
4  Portuguese cities from the North Region. Participants’ recruit-
ment was conducted at the selected schools, and all pupils belong-
ing to the 7th and 10th grades classes were invited to participate in 
the study ( n = 1,678). The LabMed Physical Activity Study meth-
odologies have been presented elsewhere  [15, 20] . From that initial 
sample, 534 agreed to undergo blood sampling. However, 5 of 
them were later excluded from the analysis due to C-reactive pro-
tein values >10 mg/L, which may be indicative of acute inflamma-
tion or illness, leaving 529 adolescents (267 girls, mean age 14.3 ± 
1.7 years) as the final sample for the present study. For the present 
study, power analysis was calculated post hoc (for α = 0.05) and it 
was higher than 0.8 for receiver operating characteristic (ROC) 
curves and multiple regression analysis sample size calculation in 
both sexes. 
 Ethical and Legal Requirements 
 The study was conducted in accordance with the World Medi-
cal Association’s Helsinki Declaration for Human Studies  [21] . 
The Portuguese Data Protection Authority (#1112434/2011), the 
Portuguese Ministry of Science and Education (0246200001/2011), 
and the Ethics Committee of the Faculty of Sport, University of 
Porto, approved the study. All participants in this study were in-
formed of the study’s goals, and written informed consent was ob-
tained from participating adolescents and their parents or guard-
ians. Considering potential refusals to participate in the study due 
to blood analysis, a “layered consent” was permitted, allowing the 
participants to consent some parts of the study protocol and not 
others. For example, an adolescent could perform physical fitness 
assessments and refuse to undergo blood sampling. All adolescents 
from whom parental and individual consents were received were 
enrolled in the study. Throughout the study, no exclusion criteria 
was applied to avoid discriminations. However, for the present 
analysis, only apparently healthy adolescents were considered, that 
is, those without any medical diagnosis of physical or mental im-
pairment. 
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 Measures 
 Anthropometrics 
 Body height was measured to the nearest 0.1 cm in bare or 
stocking feet with the adolescent standing upright against a por-
table stadiometer (Seca 213, Hamburg, Germany). Body weight 
was measured to the nearest 0.10 kg with the participant lightly 
dressed using a portable electronic weight scale (Tanita Inner Scan 
BC 532, Tokyo, Japan)  [22] .
 Body fat (BF) percentage was measured by bioelectrical imped-
ance with a frequency current of 50 kHz (Tanita Inner Scan BC 
532, Tokyo, Japan). Participants were asked to fast overnight for at 
least 10 h. After the assessors manually introduced the age, sex, and 
height into the scale system, the participants stood on the scale 
with light clothes and bared foot  [23] .
 Blood Pressure 
 Blood pressure (BP) was measured using a Dynamap vital 
signs monitors (model BP 8800, Critikon, Inc., Tampa, FL, USA). 
Trained nurses took measurements, and all adolescents were re-
quired to sit and rest for at least 5 min prior to the first BP mea-
surement. Participants were in a seated, relaxed position with 
their feet resting flat on the ground. Two measurements in the 
non-dominant arm were taken, after 5 and 10 min of rest. The 
mean of these 2 measurements was considered. If the 2 measure-
ments differed by 2 mm Hg or more, a third measure was taken 
 [24] .
 Pubertal Stage 
 Participants self-assessed their pubertal stage of secondary sex 
characteristics (breast and pubic hair development for girls, genital 
and pubic hair development for boys; ranging from stages I to V), 
according to the criteria of Tanner and Whitehouse  [25] .
 Blood Sampling 
 Blood samples were obtained from each subject early in the 
morning, following a 10-h overnight fast by venipuncture 
from  the antecubital vein. The samples were stored in sterile 
blood collection tubes in refrigerated conditions (4–8  °  C) for no 
longer than 4 h during the morning of collection and then sent 
to an analytical laboratory for testing according to standard-
ized  procedures as follows: (i) triglycerides by enzyme gly-
cerol  phosphate oxidase method (Siemens Advia 1600/1800 
 Erlangen, Germany); (ii) serum leptin and serum adiponectin by 
plate reader method (ELISA analyzer); (iii) glucose by hexoki-
nase method (Siemens Advia 1600/1800 Erlangen, Germany); 
(iv) insulin by chemiluminescence immunoassay (Siemens 
ACS Centaur  System, Erlangen, Germany); (v) total cholester-
ol  (TC) by CHOD-POD enzymatic method (Siemens Advia 
1600/1800); and (vi) high-density lipoprotein (HDL)-cholester-
ol (HDL-c) by precipitation of the apolipoprotein B contain-
ing  lipoproteins  with dextran-magnesium-chloride (Siemens 
Advia 1600/1800 Erlangen, Germany). All assays were per-
formed in duplicate according to the manufacturers’ instruc-
tions. 
 Socioeconomic Status 
 Adolescents’ socioeconomic status was assessed with the Fam-
ily Affluence Scale  [26] , developed specifically to measure children 
and adolescents’ socioeconomic status in the context of the Health 
Behavior in School-Aged Children Study.
 Adherence to the Mediterranean Diet 
 To assess the degree of adherence to the Mediterranean diet, 
the KIDMED index (Mediterranean Diet Quality Index for chil-
dren and adolescents) was used  [27] . The index is based on a 16 
self-administered questions, which sustain the principles of the 
Mediterranean dietary patterns, as well as those that undermine it. 
The final results of index varied between 0 and 12 points. The ques-
tions that have 1 negative connotation in relation to Mediterra-
nean diet were equal to (–1), and the questions that constitute pos-
itive aspect were equal to (+1). A continuum variable was com-
puted to perform the statistical analyses.
 Cardiorespiratory Fitness 
 Cardiorespiratory fitness was measured using the 20 meters 
shuttle run test as previously described by Léger et al.  [28] . This 
test requires participants to run back and forth between 2 lines 
set 20 m apart. Running speed started at 8.5 km/h and increased 
by 0.5 km/h each minute, reaching 18.0 km/h at minute 20. Each 
level was announced on a tape player. The participants were in-
structed to keep up with the pace until exhausted. The test was 
finished when the participant failed to reach the end lines con-
current with the audio signals on 2 consecutive occasions. Oth-
erwise, the test ended when the subject stopped because of fa-
tigue. The participants received verbal encouragements from the 
investigators to achieve maximum performance, to keep running 
as long as possible. Cardiorespiratory profile was derived by com-
puting standardized values (Z-score = [participant’s value – 
mean value of the sample]/SD) with age and sex as continuous 
variables.
 Data Management 
 A continuous score representing a composite MRF profile was 
derived by computing standardized values (Z-score = [partici-
pant’s value – mean value of the sample]/SD) with age and sex as 
continuous score from the BF percentage, systolic BP, TC/HDL-c 
ratio, triglycerides, homeostatic model assessment insulin resis-
tance (HOMA-IR) and cardiorespiratory fitness as previously sug-
gested  [29] . The cardiorespiratory fitness Z-score was multiplied 
by –1 to indicate higher metabolic risk with increasing value. 
HOMA-IR was calculated as the product of basal glucose (mmol/L) 
and insulin (µlU/mL) levels divided by 22.5, and was used as a 
proxy measure of insulin resistance  [30] .
 Statistical Analysis 
 Descriptive data are presented as means and SDs. All variables 
were checked for normality. Serum adiponectin, leptin, and L/A 
ratio were transformed using the natural logarithm. Independent 
2-tailed  t tests for continuous variables and chi-square for categor-
ical variables were used to examine sex differences. 
 Partial correlation, adjusted for age, sex, and pubertal status, 
was used to examine the associations between each MRF with ad-
iponectin, leptin, and L/A ratio.
 Linear regression models were performed to determine the as-
sociations between adiponectin, leptin, and L/A ratio (as the de-
pendent variable) and MRF score (as predictor variable) adjusted 
for age, pubertal stage, socioeconomic status, and adherence to the 
Mediterranean diet. Standardized regression coefficients were 
used to express the β in the linear regression analyses.
 The prognostic accuracy of serum leptin, adiponectin, and L/A 
ratio for predicting MRF was performed by comparison of area 
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under curve (AUC) of ROC curves. The AUC of ROC curves was 
derived by the method of Hanley and McNeil  [31] . 
 Data analysis was performed using the Statistical Package for the 
Social Sciences for Windows version 21.0 (SPSS Inc., Chicago, IL, 
USA) and MedCalc version 11.1.1.0 (MedCalc, Mariakerke, Bel-
gium). A  p value <0.05 denoted statistical significance. Power analysis 
was calculated with G * Power version 3.1.9.2 (Dusseldorf, Germany).
 Results 
 Participant characteristics are presented in  Table 1 . 
Girls presented higher levels of adiponectin, leptin, BF 
percentage, and triglycerides than boys ( p < 0.001 for all). 
 Table 2 shows partial correlations between adiponec-
tin, leptin, and L/A ratio with each MRF. While adiponec-
tin was negatively correlated with BF percentage, TC/
HDL-c ratio, triglycerides, systolic BP, and HOMA-IR; 
leptin and L/A ratio were positively correlated with all 
MRF, except for cardiorespiratory fitness where the op-
posite was observed ( p < 0.05 for all). Compared to leptin 
and adiponectin, L/A ratio showed higher correlation val-
ues with all MRF, except for cardiorespiratory fitness.
 Regression analyses showed that adiponectin was a 
significant and negative predictor of MRF score (boys: 
β = –0.199;  p < 0.001; girls: β = –0.200;  p < 0.001), where-
as leptin was a significant positive predictor of MRF score 
(boys: β = 0.553;  p < 0.001; girls: β = 0.399;  p < 0.001). The 
L/A ratio was also a significant positive predictor of MRF 
score in both sexes (boys: β = 0.593;  p < 0.001; girls: β = 
0.461;  p < 0.001), after adjustments for age, pubertal stage, 
adherence to the Mediterranean diet, and socioeconomic 
status. Of the 6 models presented the L/A models showed 
the highest R 2 values for both sexes ( Table 3 ).
 ROC curve analyses revealed that adiponectin, leptin, 
and L/A ratio were accurate ( p < 0.05) to predict MRF 
score, with the highest AUC values achieved by L/A ratio 
in both girls and boys ( Table 4 ). For boys, leptin and L/A 
ROC curves were significantly different from adiponec-
tin ( p < 0.001), and there was no statistically significant 
difference between L/A ratio and leptin ROC curves ( p = 
0.452). For girls, there was no statistically significant dif-
ference between adiponectin, leptin, and L/A ROC curves 
( Fig. 1 ).
Table 1.  Participants’ characteristics
Characteristics All (n = 529) Girls (n = 267) Boys (n = 262)
Age, years 14.33±1.73 14.27±1.71 14.39±1.74
Weight, kg 55.15±12.81 53.44±11.18 56.89±14.10*
Height, cm 160.27±9.59 157.7±6.68 162.9±11.3*
Pubertal stage-A, %
II 7.8 3 12.6
III 32.3 29.2 35.5
IV 46.7 54.3 38.9
V 13.2 13.5 13
Pubertal stage-B, %
II 7 2.2 11.9
III 21.7 24.0 19.5
IV 49.5 46.8 52.3
V 21.7 27 16.4
Adiponectin, mg/L 11.61±5.45 12.90±5.75 10.29±4.80*
Leptin, ng/mL 4.12±4.93 6.21±5.6 1.98±2.85*
Ratio leptin/adiponectin 0.43±0.67 0.62±0.81 0.23±0.39
Insulin resistance (HOMA-IR) 3.45±5.38 3.51±1.83 3.39±7.41
Body fat percentage 20.67±8.34 25.39±7.04 15.86±6.66*
Triglycerides, mg/dL 67.70±32.31 71.35±32.67 63.96±31.57*
Ratio TC/HDL 2.89±0.60 2.84±0.58 2.94±0.61
20 m SRT (number of laps) 44.90±1.12 31.87±15.25 58.15±26.63*
 Values are mean ± SD or percentages.
TC, total cholesterol; 20 m SRT, 20 meters shuttle run test.
* Significantly different from girls, p < 0.001 (independent 2-tailed t tests for continues variables or chi-square 
for categorical variables). Pubertal stage-A – breast development in girls; genital development in boys. Pubertal 
stage-B – pubic hair development.
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Table 2.  Partial correlations (r) among serum adiponectin, serum leptin, and L/A ratio with metabolic risk factors
BF%a Ratio TC /HDLa TGa SBPa HOMA-IRa 20 m SRTa
Adiponectinb –0.161** –0.195** –0.124** –0.085* –0.145* –0.001
Leptinb 0.634** 0.112* 0.001* 0.189** 0.358** –0.406*
L/A ratiob 0.648** 0.180** 0.138* 0.206** 0.385** –0.378**
 Partial correlation ( r, adjusted for age, sex, pubertal stage). 
BF, body fat; TC, total cholesterol; TG, triglycerides; SBP, systolic blood pressure; HOMA-IR, homeostasis 
model assessment of insulin resistance; 20 m STR, 20 meters shuttle run test; L/A, leptin/adiponectin.
L/A ratio: expressed as the absolute value of plasma leptin (ng/mL) divided by the absolute value of plasma 
adiponectin (mg/L).
a Variables are standardized values (Z-scores) ([participant’s value – mean value of the sample]/SD) by age 
and sex.
b Log transformed.
* p < 0.05; ** p < 0.001.
Table 3.  Standardized regression coefficients examining the association of adiponectin, leptin, and L/A ratio and 
metabolic risk factor score by sex
Metabolic risk factor score
boys  girls
β p value R2  β p value R2
Model 1 – adiponectina –0.199 <0.001 0.064 Model 4 – adiponectina –0.200 <0.001 0.039
Model 2 – leptina 0.553 <0.001 0.331 Model 5 – leptina 0.399 <0.001 0.177
Model 3 – L/A ratioa 0.593 <0.001 0.374 Model 6 – L/A ratioa 0.461 <0.001 0.210
 L/A, leptin/adiponectin.
Standardized regression adjusted for age, pubertal stage, socioeconomic status, and KIDMED index.
a Log transformed.
L/A ratio: expressed as the absolute value of plasma leptin (ng/mL) divided by the absolute value of plasma 
adiponectin (mg/L).
Metabolic risk factor score: Sum of z-score by age and sex of body fat, systolic blood pressure, TC/HDL-c ra-
tio, triglycerides, HOMA-IR, and cardiorespiratory fitness (–1).
Table 4.  Parameters of the ROC curves analysis for the diagnostic performance of adiponectin, leptin, and L/A 
ratio in predicting metabolic risk factor score in girls and boys
AUC 95% CI p value Cutoff Sensitivity, % Specificity, %
Girls (n = 267)
Adiponectin 0.699 0.640–0.753 0.0001 ≤9.1 61.76 74.25
Leptin 0.741 0.684–0.792 0.0001 >8.3 61.76 81.55
L/A ratio 0.767 0.712–0.817 0.0001 >0.97 58.82 89.70
Boys (n = 262)
Adiponectin 0.629 0.568–0.688 0.005 ≤8.4 70.27 59.56
Leptin* 0.854 0.805–0.894 0.0001 >1.8 81.08 79.56
L/A ratio* 0.871 0.824–0.909 0.0001 >0.28 81.08 84.44
 AUC, area under the curve; L/A, leptin/adiponectin.
* Significantly different from adiponectin in boys ( p < 0.05).
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 Discussion 
 In this study, we tested the associations of leptin, adi-
ponectin, and the L/A ratio with a clustering of MRF in 
adolescents aged 12–18 years. Our data showed that while 
adiponectin was negatively associated with BF percent-
age, triglycerides, systolic BP, TC/HDL-c ratio,  HOMA-IR 
( Table 2 ), and MRF score ( Table 3 ), leptin and L/A ratio 
were positively associated with them. On the other hand, 
cardiorespiratory fitness was negatively associated with 
leptin and L/A ratio. Moreover, the L/A ratio showed 
greater association values with single MRF, except with 
cardiorespiratory fitness, and with MRF score than with 
adiponectin and leptin alone. Our findings provide evi-
dence that the L/A ratio is consistently and cross-section-
ally related to a higher MRF score. 
 Once the L/A ratio has been proposed as a useful indi-
cator for adipocyte dysfunction  [32] , our results suggest 
that the L/A ratio may be a clinically significant indicator 
for evaluating the risk of adolescents developing CVD. 
These findings have public health and clinical implica-
tions, as childhood and adolescence are propitious peri-
ods of life to identify those at risk for CVD and to develop 
strategies to improve their metabolic health status  [33] .
 Leptin has been linked to multiple pro-inflammatory 
and immune-mediated effects in obesity and diabetic 
metabolic abnormalities. We have shown that leptin was 
strongly ( r = 0.634;  p < 0.001), moderately ( r = 0.358;  p < 
0.001), and positively associated with BF percentage and 
HOMA-IR. Leptin plays a crucial role in the regulation of 
food intake and homeostasis due to its role in both central 
(inducing an anorexigenic pathway in the hypothalamus) 
and peripheral (promoting insulin sensitivity as well as 
glucose and lipid metabolism in both liver and skeletal 
muscle tissue) systems  [34] . It has been demonstrated 
that obese people develop leptin resistance and may re-
quire high circulating leptin concentrations to maintain 
its functions  [35] . Conversely, we found an inverse and 
statistically significant association between leptin levels 
and CRF adjusted for age, sex, and pubertal stage ( r = 
–0.406;  p < 0.05). Although we did not adjust these analy-
sis for the BMI, these results were similar to those report-
ed by Cicchella et al.  [36] who showed an inverse associa-
tion between leptin and relative peak VO 2 consumption 
in 10- to 12-year-old boys with different BMIs ( r = –0.674; 
 p < 0.001). However, with adiponectin levels, we did not 
find any association with cardiorespiratory fitness. Car-
diorespiratory fitness is an important determinant of cur-
rent and future health status during childhood and ado-
lescence  [37] and has been shown to be negatively associ-
ated with CVD mortality and all-cause mortality  [38] . 
 Some comparative studies were carried out to investi-
gate the strength of adiponectin, leptin, and the L/A ratio in 
predicting outcomes such as metabolic syndrome  [10, 11] , 
insulin resistance  [39] , and cancer  [40] . We have demon-
strated that the L/A ratio shows higher association values 
with MRF than leptin or adiponectin, similar to previous 
studies with adults. It has also been shown that increased 
circulating adiponectin and A/L ratio (the inverse ratio 
used in the present study) or decreased leptin levels were 
associated with a reduced risk of endometrial cancer  [40] . 
 To the best of our knowledge, this is the first study to 
compare adiponectin, leptin, and the L/A ratio’s ability to 
determine metabolic risk among adolescents. Despite 
both adiponectin’s and leptin’s showing statistically sig-
nificant ROC curves, the best AUCs were presented by 
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 Fig. 1. Comparison of leptin, adiponectin, 
and L/A ratio ROC curves to predict me-
tabolic risk factor. L/A, leptin/adiponec-
tin.  a Leptin vs. adiponectin, difference 
 between AUCs 0.224, 95% CI 0.111–0.338 
( p < 0.001); L/A ratio vs. adiponectin, dif-
ference between AUCs 0.242, 95% CI 
0.141–0.343 ( p < 0.001); L/A ratio vs. leptin, 
difference between AUCs 0.0175, 95% CI 
–0.0282 to 0.0633 ( p = 0.452).  b Leptin vs. 
adiponectin, difference between AUCs 
0.0421, 95% CI –0.0804 to 0.165 ( p = 0.501); 
L/A ratio vs. adiponectin, difference be-
tween AUCs 0.0687, 95% CI –0.0272 to 
0.165 ( p = 0.160); L/A ratio vs. leptin, dif-
ference between AUCs 0.0266, 95% CI 
–0.0226 to 0.0759 ( p = 0.289). 
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the L/A ratio in both sexes ( Table 4 ). Indeed, both leptin 
and adiponectin play a pivotal role in regulating the in-
flammatory process, suggesting that the use of a single 
marker can be helpful for screening, clinical practice, or 
for monitoring the effectiveness of an intervention.
 As adolescence is a period of natural changes in sev-
eral metabolic systems such as body composition and sex 
hormones, our results need to be interpreted with caution 
 [33] . However, in our study, the MRF scores were stan-
dardized by age and sex, and all the analyses were con-
trolled for age and pubertal stage. In this sense, a slightly 
higher AUCs were observed in boys compared to girls 
( Table 4 ;  Fig. 1 ). Additionally, the adiponectin AUC ROC 
curve was statistically different in leptin and the L/A ratio 
for boys ( Fig. 1 ). Because of physiological differences, 
girls present circulating levels of leptin and fatness higher 
than boys  [41] . In our study, adiponectin is statistically 
different between sexes (girls 12.90 vs. boys 10.29 mg/L), 
although this difference is not as large as for the leptin 
levels (boys 1.98 vs. girls 6.21 ng/mL). In this line of 
thought, these results may explain the difference between 
sexes in the AUC ROC curves.
 The strengths of our study include the consideration 
of important confounding variables in our analysis. Di-
etary intake can be a predictor of metabolic health. Previ-
ous studies reported that the adherence to a Mediterra-
nean dietary pattern may have a dual effect on the preven-
tion of CVD, by improving classical CVD risk factors and 
also by having an intense anti-inflammatory effect  [42] . 
In our study, the inclusion of dietary intake as a con-
founder variable did not change our results in our regres-
sion analysis. 
 Some limitations of our study should be taken into 
consideration. First, our cross-sectional design does not 
allow us to establish causality. Second, we use a single 
fasting baseline measurement of adipocytokines. Third, 
the composite MRF score tracks into adulthood  [43] . 
However, it still unclear how risk level in childhood and 
adolescence are related to later CVD. Nevertheless, a 
composite continuum score of MRF has been observed in 
several pediatric studies and has been demonstrated to be 
a good method to assess overall metabolic risk  [29] .
 Conclusion 
 In conclusion, leptin, adiponectin, and L/A ratio are 
associated with the clustering of MRF in adolescents after 
adjustments for age, sex, pubertal stage, adherence to the 
Mediterranean diet, and socioeconomic status. L/A ratio 
was more strongly associated with MRF score than adi-
ponectin or leptin.
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Associações entre biomarcadores inflamatórios e metabólicos, aptidão 
cardiorrespiratória e muscular e o risco cardiometabólico. 
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Serum Adiponectin Levels and Cardiorespiratory Fitness in 
Nonoverweight and Overweight Portuguese Adolescents: The 
LabMed Physical Activity Study 
César Agostinis-Sobrinho, Carla Moreira, Sandra Abreu, Luís Lopes, José Oliveira-Santos 
University of Porto 
Jostein Steene-Johannessen 
Norwegian School of Sport Sciences 
Jorge Mota and Rute Santos 
University of Porto 
Purpose: This study examined the independent associations between cardiorespiratory fitness and circulating adiponectin 
concentration in adolescents, controlling for several potential covariates. Methods: This is a cross-sectional study in 
Portuguese adolescents. A sample of 529 (267 girls) aged 12–18 years were included and categorized as overweight and 
nonoverweight. Cardiorespiratory fitness was assessed by 20 meters shuttle run test. We measured serum adiponectin, high-
sensitivity C-reactive protein, fasting glucose, insulin and HDL-cholesterol. Results: After adjustment for age, sex, pubertal 
stage, adherence to the Mediterranean diet, socioeconomic status, body fat percentage, insulin resistance, HDL-cholesterol 
and C-reactive protein, regression analysis showed a significant inverse association between adiponectin and 
cardiorespiratory fitness in nonoverweight participants (B=-0.359; p < .042). Analysis of covariance showed a significant 
difference between the highest cardiorespiratory fitness Healthy zone (above healthy zone) and the Under and the Healthy 
cardiorespiratory fitness zones in nonoverweight adolescents (p = .03) (F (2, 339) = 3.156, p < .001). Conclusion: 
Paradoxically, serum adiponectin levels are inversely associated with cardiorespiratory fitness in nonoverweight, but not in 
overweight adolescents. In nonoverweight adolescents, those with highest levels of cardiorespiratory fitness (above healthy 
zone) presented lower levels of adiponectin compared with those in Under and Healthy cardiorespiratory fitness zones. 
Keywords: Inflammatory biomarkers, adiposity, youth.
Cardiovascular disease is the leading cause of 1 
mortality (13). Individuals with cardiovascular disease 
usually become symptomatic only in late life, but the 
underlying process of cardiovascular disease has its onset 
during childhood and often related to an inflammatory 
process (27). Recently, several metabolic biomarkers have 
emerged. Cytokines such as adiponectin, leptin, 
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and Santos are with the Research Centre in Physical Activity, Health 
and Leisure, Faculty of Sport, University of Porto, Portugal. Steene-
Johannessen is with the Dept. of Health Sciences, Kristiania University 
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Interleukin 6 and phase acute proteins such as high-
sensitivity CRP (hs-CRP), complement factors C3 e C4 
have been found to be involved in the low-grade 
inflammation process (40) and associated with metabolic 
risk factors in adolescents (5). 
Adiponectin is a protein abundantly expressed in 
adipose tissue, and it is known to have insulin-sensitizing, 
anti-inflammatory, and cardioprotective effects (32). 
Adiponectin is considered to have “healthy effects” 
because unlike all other adipokines, its expression and 
serum levels are decreased in obese subjects (31). 
Adiponectin have been associated with an adherence to a 
Mediterranean dietary pattern (12), insulin resistance (11), 
hs-CRP (38), adiposity (16), whereas it was positively 
associated with HDL-cholesterol (33,38) and it is 
considered an independent factor inversely associated 
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with cardiovascular disease (2). However, there is some 
emerging evidence suggesting that high circulating 
adiponectin concentrations may play a paradoxical role in 
the pathogenesis of cardiovascular disease. Recently, 
investigations showed that high serum adiponectin 
concentration is associated with an increased risk of 
cardiovascular disease and total mortality in adulthood 
(6). Indeed, there is a lack of knowledge on this 
adiponectin paradox (19). 
Cardiorespiratory fitness is a powerful marker of 
current and future health status during childhood and 
adolescence (30,34) and is an important predictor of all-
cause mortality and cardiovascular disease mortality (18). 
It has been suggested that cardiorespiratory fitness is one 
of the most important risk factor for cardiovascular 
disease, and therefore it should be included in definitions 
of metabolic syndrome (3). 
Paradoxically, recent investigations have showed 
that adiponectin concentration are inversely associated 
with physical activity (28), muscular fitness (1), and 
cardiorespiratory fitness (5,25) in adolescents. However, 
studies in adolescents are scarce. Martinez-Gomez and 
colleagues (25) found an inverse association between 
cardiorespiratory fitness and adiponectin in 198 Spanish 
adolescents, independently of age, sex, pubertal status and 
waist circumference. Likewise, a study of 413 Danish 
adolescents reported an inverse association between 
cardiorespiratory fitness and adiponectin after adjusting 
for adiposity, sex and pubertal stage (5). On the other 
hand, a study carried out in 192 Scottish adolescents 
found no association (4). However, none of these studies 
analyzed their sample in relation neither metabolic nor 
weight status. Such analyses might be able to highlight 
multiple key factors that can influence the relationship of 
adiponectin with cardiorespiratory fitness. Furthermore, 
intervention studies have mainly been conducted with 
obese, patients with diabetes or subjects with metabolic 
syndrome (10). Recently, Choi and colleagues have 
suggested that the measurement of adiponectin 
concentration and BMI together could be an additional 
predictive marker of survival among the elderly (6). In 
addition, another study showed that high circulating 
adiponectin concentration may be an indicator of 
decreased physical performance, in older adults (17). 
However, to dissect the context-dependent and roles of 
adiponectin, studies in subjects with different metabolic or 
weight status (nonoverweight and overweight subjects) 
are required. 
To date, the association between cardiorespiratory 
fitness and circulating adiponectin levels in adolescents 
remains poorly understood and the studies have often 
overlooked potential confounders in their analysis. 
Furthermore, we are not aware of any previous study 
examining the relationship between serum adiponectin 
and cardiorespiratory fitness separately in overweight and 
nonoverweight controlling for dietary patterns and other 
important potential confounders such as pubertal status, 
adiposity, HDL-cholesterol, inflammation, socioeconomic 
status and insulin resistance. Thus, the aim of the current 
study was to examine the associations between 
cardiorespiratory fitness and serum adiponectin levels in 
nonoverweight and overweight adolescents, controlling 
for the above-mentioned covariates. 
Methods 
Study Design and Sample 
The current report is part of the “Longitudinal Analysis of 
Biomarkers and Environmental Determinants of Physical 
activity (LabMed Physical Activity Study)”, a school-
based prospective cohort study carried out in four 
Portuguese cities from the North Region. Detailed 
description of sampling and recruitment approaches, data 
collection, analysis strategies have been described 
elsewhere (29). In short, baseline data were collected in 
the fall of 2011, for 1,229 apparently healthy adolescents, 
i.e., participants without any medication or medical 
diagnose of physical or mental impairment, aged 12 to-18 
years. Of the 1229 adolescents that agreed to participate in 
the LabMed study, 534 accepted to undergo blood 
collection. Five individuals were excluded due to hs-CRP 
values >10 mg/L, which may be indicative of acute 
inflammation or illness. Thus, leaving 529 adolescents 
(267 girls, 262 boys, mean age 14.3 ± 1.7 years) as the 
final sample for the present report. Power analysis was 
calculated post hoc and it was higher than 0.8 for multiple 
regression analysis and ANCOVA. 
The LabMed Physical Activity Study was conducted 
in accordance with the Helsinki Declaration for Human 
Studies and approved by the Portuguese Data Protection 
Authority (#1112434/2011) and the Portuguese Ministry 
of Science and Education (0246200001/2011). All 
participants were informed of the study’s goals, and 
written informed consent was obtained from participating 
adolescents and their parents or legal guardians. 
Measures 
Anthropometrics. 
Body height was measured to the nearest 0.1 cm in bare or 
stocking feet with the adolescent standing upright against 
a portable stadiometer (Seca213, Hamburg, Germany). 
Body weight was measured to the nearest 0.10 kg, lightly 
dressed, with no shoes, using a portable electronic weight 
scale (Tanita Inner Scan BC532, Tokyo, Japan) (24). 
Body mass index (BMI) was calculated from the ratio of 
body weight (kg) to body height (m2). Participants were 
categorized as nonoverweight (including underweight and 
normal weight participants), overweight (including 
overweight and obese participants) according to Cole’s 
cut-offs (7,21).Percentage of body fat was measured with 
bioelectrical impedance with a frequency current of 50 
kHz (Tanita Inner Scan BC 532, Tokyo, Japan). 
Participants were asked to fast overnight for at least 10 hr. 
After the assessors manually introduced the age, sex and 
height into the scale system, the participants stood on the 
scale with light clothes and bared foot (39). 
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Pubertal Stage. 
Participants self-assessed their pubertal stage of secondary 
sex characteristics (breast and pubic hair development in 
girls and genital and pubic hair development in boys 
ranging from stage I to V), according to the criteria of 
Tanner and Whitehouse (35). 
Socioeconomic Status 
Adolescents’ socioeconomic status was assessed with the 
Family Affluence Scale (8). The answers were summed 
and socioeconomic status was computed as a continuum 
variable to perform the statistical analyses. 
Blood Sampling 
Blood samples were obtained from each subject early in 
the morning, following a 10-hr overnight fast by 
venipuncture from the antecubital vein. The samples were 
stored in sterile blood collection tubes in refrigerated 
conditions (4° to 8 °C), and then sent to an analytical 
laboratory for testing according to standardized 
procedures; (i) hs-CRP, latex enhanced 
immunoturbidimetric assay (Siemens ADVIA 1800, 
Erlangen, Germany); (ii) HDL-Cholesterol, Precipitation 
of the Apolipoprotein B containing lipoproteins with 
dextran-magnesium-chloride (Siemens Advia 1600/1800 
Erlangen, Germany); (iii) Adiponectin, ELISA (Plate 
Reader); (iv) Glucose, Hexokinase method (Siemens 
Advia 1600/1800 Erlangen, Germany);(v) Insulin, 
Chemiluminescence immunoassay (Siemens ACS Centaur 
System, Erlangen, Germany). All assays were performed 
in duplicate according to the manufacturers’ instructions. 
The homeostatic model assessment (HOMA) was 
calculated as the product of basal glucose and insulin 
levels divided by 22.5, and was used as a proxy measure 
of insulin resistance (26). 
Adherence to the Mediterranean Diet 
To assess the degree of adherence to the Mediterranean 
diet the KIDMED index (Mediterranean Diet Quality 
Index for children and adolescents) was used (36). The 
index is based on a 16-questions self-administered, which 
sustain the principles of the Mediterranean dietary 
patterns, as well as, those that undermine it. The final 
results of index varied between 0 and 12 points. The 
questions that have one negative connotation in relation to 
Mediterranean diet were equal to (-1), the questions that 
constitute positive aspect were equal to (+1). A continuum 
variable was computed to perform the statistical analyses. 
Cardiorespiratory Fitness 
Cardiorespiratory fitness was assessed with the 20-m 
Shuttle Run Test (20 m SRT) (22). This test requires 
participants to run back and forth between two lines set 20 
m apart. Running speed started at 8.5 kph and increased 
by 0.5 kph each minute, reaching 18.0 kph at minute 20. 
A detailed description of this test can be found elsewhere 
(22). 
The test was performed once, and the number of 
shuttles performed by each participant was recorded to 
posterior calculation of VO2max using Léger’s equations 
(22). Adolescents were also classified in three groups 
according to the age and sex-specific cut-off points of 
FITNESSGRAM criteria, as “Under,” “Healthy,” and 
“Above” healthy zones (41). 
Statistics Analysis 
Data analysis was performed with the Statistical Package 
for the Social Sciences for Windows (Version 21.0 SPSS 
Inc., Chicago, IL). All the variables were checked for 
normality, hs-CRP, HDL-cholesterol, body fat percentage, 
adiponectin and cardiorespiratory fitness were not 
normally distributed therefore were transformed using the 
natural logarithm. Descriptive data are presented as means 
and standard deviation. Independent Two-tailed t tests for 
continuous variables and Chi-square for categorical 
variables, respectively, were used to examine differences 
between weight status categories. We found no significant 
interaction effect for sex (e.g., sex x cardiorespiratory 
fitness); thus all data are presented for boys and girls 
together. 
Linear regression models were performed separately 
for nonoverweight and overweight adolescents and for the 
total sample to determine the associations between serum 
adiponectin and cardiorespiratory fitness, adjusted for age, 
sex, pubertal stage, socioeconomic status, adherence to the 
Mediterranean diet, HOMA-IR, HDL-cholesterol, hs-CRP 
and body fat percentage. Unstandardized regression 
coefficients were used to express the B coefficients of the 
regression analyses. 
Analysis of covariance (ANCOVA) with Bonferroni 
post hoc multiple comparison tests were used to assess the 
differences of serum adiponectin levels across healthy 
fitness zones of cardiorespiratory fitness in nonoverweight 
and overweight adolescents. Covariates included were 
age, sex, pubertal stage, socioeconomic status, adherence 
to the Mediterranean diet, HOMA-IR, HDL-cholesterol, 
hs-CRP and body fat percentage. A p-value less than .05 
was regarded as significant. 
Results 
Descriptive characteristics of the participants are 
presented in Table 1. Overweight subjects had higher 
body fat percentage, hs-CRP and insulin resistance 
whereas nonoverweight subjects had higher levels of 
serum adiponectin, HDL-cholesterol and cardiorespiratory 
fitness (p < .001 for all). 
\<<<<<INSERT TABLE 1 about here>>>\ 
Regression analysis (Table 2), showed a significant 
inverse association between adiponectin and 
cardiorespiratory fitness (B=-0,359; p < .042), after 
adjustments for age, sex, pubertal stage, socioeconomic 
status, adherence to the Mediterranean diet, HOMA-IR, 
HDL-cholesterol, hs-CRP and body fat percentage in 
nonoverweight adolescents. For the overweight group no 
significant association were found. For the total sample, 
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after adjustments for age, sex, pubertal stage, 
socioeconomic status, adherence to the Mediterranean 
diet, HOMA-IR, HDL-cholesterol, hs-CRP no association 
were found between cardiorespiratory fitness and 
adiponectin, however when body fat percentage was 
included (model 4), this result became significant (B=-
0,370; p < .030). 
\<<<<INSERT TABLE 2 about here>>>\ 
ANCOVA (Figure 1) adjusted for age, sex, pubertal 
stage, socioeconomic status, adherence to the 
Mediterranean diet, HOMA-IR, HDL-cholesterol, hs-CRP 
and body fat percentage showed significant difference in 
adiponectin levels across cardiorespiratory fitness healthy 
zones in nonoverweight. The Highest cardiorespiratory 
fitness zone (Above healthy zone) showed lower levels of 
serum adiponectin compared with the Under and Healthy 
cardiorespiratory fitness zones (p = .03) (F(3, 339)= 3.156, p 
= .044). In the overweight group, no significant results 
were found. 
\<<<<<INSERT FIGURE 1 ABOUT HERE>>>\ 
Discussion 
This study shows that adiponectin levels are inversely 
associated with cardiorespiratory fitness in nonoverweight 
adolescents even after adjusting for several potential 
confounders. We also found significant differences in 
adiponectin levels according to the cardiorespiratory 
fitness healthy zones in nonoverweight adolescents. These 
results suggest that cardiorespiratory fitness may have an 
important impact on adiponectin levels in nonoverweight 
adolescents independently of several confounders. We are 
not aware of any study that has analyzed the relationship 
between cardiorespiratory fitness and levels of serum 
adiponectin independent of several cardiometabolic 
markers such as hs-CRP, HDL-cholesterol, insulin 
resistance and adherence to a healthy dietary pattern. 
Low cardiorespiratory fitness is referred to as an 
independent risk factor for development of cardiovascular 
disease and is a strong predictor for all-cause mortality, in 
addition, it is considered one of the most powerful 
markers of health (30). The current physical activity 
guidelines for children and adolescents recommend that 
most of the daily physical activity should be aerobic to 
develop a healthy cardiovascular system due to its health-
related benefits, including the prevention in metabolic 
disease and cardiovascular disease risk factors (42). On 
the other hand, adiponectin has been proposed to be a 
cytokine with protective properties, but surrounded by 
controversy (10,14,19). In addition, recently, it has 
emerged interesting data showing that adiponectin is not 
exclusively released from adipocytes but also being 
produced and released by skeletal muscle (20,23),which 
has been showed to be an important peripheral target 
tissue for adiponectin to exert its metabolic effects (23). 
The paradoxical inverse association between 
cardiorespiratory fitness and adiponectin in adolescents 
found in our study is, however, consistent with two 
previous cross-sectional studies (5,25). A recent finding 
among Spanish adolescents (AFINOS study) (25) showed 
an inverse association between adiponectin and 
cardiorespiratory fitness after controlling for age, sex, 
pubertal stage and waist circumference and the authors 
suggested that adiponectin secretion is inhibited in 
adolescents with normal insulin sensitivity and potentially 
due to fitness levels. Similarly, Bugge and colleagues (5) 
reported a negative association between VO2peak and 
adiponectin after adjusting for fatness. However, none of 
these studies examined the relationship between fitness 
and adiponectin stratified by weight status. In this line of 
thought it is important to mention a recent intervention 
study in adults that demonstrated that obese and 
overweight subjects, after 12 months of regular exercise, 
without changes in the body fat had an improvement in 
cardiorespiratory fitness, with an unexpected significant 
reduction in the levels of serum adiponectin in 15% and 
18%, respectively (15). In the light of this and based on 
our findings it seems that cardiorespiratory fitness and 
weight status may play a key role in the levels of serum 
adiponectin. Furthermore, our results confirm and to a 
certain degree extend on the previous findings from cross-
sectional studies in adolescents. Not only by stratifying 
our analysis according to the weight status of the 
participants, but also by including several others potential 
confounders such as adherence to a Mediterranean dietary 
pattern and insulin resistance. 
Adiponectin have shown to be strongly associated 
with insulin resistance (16) and is a potential marker of 
type 2 diabetes (14). Moreover, it is known that insulin 
sensitivity is affected by dietary factors and adiponectin is 
recognized as having insulin sensitizing properties 
(11,16). Previous studies reported that a greater adherence 
to the Mediterranean-type diet enhances adiponectin 
levels in healthy subjects (12) and that omega-3 
supplementation or daily intake of fish and a low calorie-
diet increased adiponectin levels (37). Importantly of this 
discussion, in the present report the association of serum 
adiponectin with cardiorespiratory fitness remained 
significant even after the models were adjusted for 
HOMA-IR and adherence to a Mediterranean diet in 
nonoverweight adolescents. 
HDL-cholesterol and hs-CRP have been proposed in 
several studies as important metabolic risk factors. 
Recently, investigations showed a positive correlation 
between HDL-cholesterol and adiponectin (33,38). 
Moreover it was reported that adiponectin had an inverse 
relationship with markers of inflammation such as hs-CRP 
(38) in adolescents. Interestingly, the associations between 
adiponectin and cardiorespiratory fitness remained in 
nonoverweight subjects even after HDL-cholesterol and 
hs-CRP were included as covariates in the regression 
models. 
A recent review observed that currently, most of the 
knowledge on the role of adiponectin is driven from 
studies including only obese subjects (10). Indeed, it is 
already clear that the circulating adiponectin levels are 
decreased in overweight subjects, several studies, as well 
as our results support this. However, it is also known that 
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adiponectin is also segregated by different cells, isoforms 
and have different receptors, which are not yet fully 
understood (10). Our results were stratified by weight 
status, and to a further analysis, we have also included a 
more accurate variable of fatness (body fat percentage) in 
the regression models to evaluate it’s potential effect, 
which did not changed the results. 
We showed significant differences between Under 
and Healthy cardiorespiratory fitness healthy zones with 
the highest cardiorespiratory fitness zone (Above healthy 
zone) in nonoverweight participants. Adolescents in 
nonoverweight condition with a high cardiorespiratory 
fitness level has been referenced with several related 
health benefits (30). Nonetheless, based on the present 
data and existing literature, it is difficult to explore the 
potential clinical relevancy of the difference on 
adiponectin serum levels observed between the higher 
cardiorespiratory fitness zone (Above healthy zone) with 
the others cardiorespiratory fitness healthy zones (Under 
and Healthy cardiorespiratory fitness zones) in 
nonoverweight apparently healthy adolescents. However, 
high levels of adiponectin and low BMI have been 
associated with increased all-cause and cardiovascular 
mortality in adulthood (6). Indeed, it is known that 
adiponectin is also expressed by different tissue such as 
cardiomyocytes, bone-forming cells, pituitary cells and 
skeletal muscle (23). However, the degree to which 
nonadipose tissue sources contribute to increased 
adiponectin in chronic diseases, has yet not been 
determined (19). In addition, our results highlight the 
multifaceted and controversial immunometabolic actions 
of adiponectin (10). Future experimental studies in human 
and animal models should be carried out to understand the 
role of different isoforms and receptors of this protein. 
The strengths of our study include the inclusion of 
potential important confounding variables in our analysis. 
In addition, adolescence is a period of natural changes in 
several metabolic systems such as sex hormones and body 
composition, which may confound the results (40) and all 
the analyses were controlled for sex, age and pubertal 
stage. We also classified the participants in three groups 
according to the age and sex-specific cut-off points for 
cardiorespiratory fitness. The cardiorespiratory fitness 
tests used in our study were based on previous studies 
which have shown to be valid, reliable and feasible for 
health monitoring purposes in adolescents (35). 
Our results should be interpreted with the 
understanding of some limitations. First, our cross-
sectional design does not allow us to establish causality. 
Second, we measured serum adiponectin levels which 
result several adipose and nonadipose tissues (10), so it 
can be argued to what extent cardiorespiratory fitness 
level may contribute to these levels. Nonetheless, it has 
been shown that high circulating adiponectin 
concentration may be an indicator of decreased physical 
performance, in older adults (17). 
We didn’t include physical activity as a confounder 
variable in our analyses due cardiorespiratory fitness has 
been already reported to be associated with several 
metabolic outcomes independently of physical activity 
levels (9). Moreover, cardiorespiratory fitness is a 
surrogate or a consequence of physical activity levels (i.e., 
although the genetic component of Vo2max, it is assumed 
that one’s become more fit if perform more physical 
activity). In our regression models we have been included 
variables that previous literature has shown to be 
correlated with the dependent variable (adiponectin). 
In conclusion, this cross-sectional study shows that 
serum adiponectin levels are inversely associated with 
cardiorespiratory fitness in nonoverweight, but not in 
overweight adolescents. In nonoverweight adolescents, 
those with a cardiorespiratory fitness level above the 
healthy zone had lower levels of adiponectin compared 
with those under and in the healthy cardiorespiratory 
fitness zones. These results suggest that variability in 
adiponectin levels among nonoverweight adolescentes 
seems to be explained by the levels of cardiorespiratory 
fitness and that cardiorespiratory fitness and weight status 
have an important impact on adiponectin levels. 
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Discussão e conclusões gerais 
 
Neste trabalho foi possível evidenciar uma série de resultados relativos às 
associações entre biomarcadores inflamatórios e metabólicos, a aptidão 
cardiorrespiratória e muscular e o risco cardiometabólico.  
De acordo com este estudo, verificaram-se 3 resultados fundamentais; i)  
o potencial de vários fatores de risco não tradicionais (CRP, C3, C4, leptina, 
fibrinogénio e a razão adiponectina/leptina) em identificar um risco 
cardiometabólico mais elevado, bem como a potencial habilidade discriminatória 
da utilização de um Score inflamatório (InflaScore); ii) a adiponectina associa-se 
de forma inversa com a aptidão cardiorrespiratória e a aptidão muscular; iii) os 
níveis de aptidão muscular e de aptidão cardiorrespiratória estão inversamente 
associados com o InflaScore; a combinação de um alto perfil inflamatório e baixa 
aptidão muscular ou cardiorrespiratória aparentam potencializar os efeitos 
deletérios da saúde metabólica. 
A literatura mais recente apresenta vários “novos” biomarcadores 
metabólicos e inflamatórios como potenciais fatores para a estratificação de risco 
e a previsão de eventos cardiovasculares. No entanto, pouco se sabe a respeito 
destes novos fatores de risco não tradicionais em crianças e adolescentes. 
(Balagopal et al., 2011). Considerando a carência de informação sobre o 
potencial destes biomarcadores na estratificação do risco cardiovascular em 
jovens, nos artigos I e II avaliámos a habilidade de vários biomarcadores 
metabólicos e inflamatórios bem como um Score inflamatório em prever o 
elevado risco cardiometabólico, em adolescentes. Nestes dois estudos 
demonstramos que os biomarcadores C3, C4, hs-CRP, fibrinogénio, leptina e 
adiponectina, apresentaram uma significativa habilidade discriminatória na 
identificação de um elevado risco cardiometabólico, em rapazes e raparigas, 
enquanto que para os leucócitos, somente encontramos valores significativos 
para os rapazes. Dos biomarcadores estudados individualmente, a leptina 
apresentou o maior poder preditor. Apesar dos resultados individualizados de 
cada biomarcador, o InflaScore pareceu ter uma maior precisão diagnóstica na 
identificação de um perfil cardiometabólico desfavorável.  
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Quando comparamos no artigo II, as associações da leptina, 
adiponectina e a razão leptina/adiponectina com o risco cardiometabólico, a 
razão leptina/adiponectina pareceu ter um maior poder de predição de risco 
cardiometabólico em adolescentes, mesmo após ajustes para idade, sexo, 
estágio maturacional, adesão à dieta mediterrânea e estatuto socioeconómico. 
Estes resultados, também estão de acordo com  alguns estudos comparativos 
que foram realizados para investigar a força da associação adiponectina, leptina 
e a razão leptina/adiponectina, com a síndrome metabólica em adultos (Falahi et 
al., 2009). É válido salientar que até o momento não é de nosso conhecimento a 
existência de estudos que comparassem ou avaliassem as associações entre a 
razão leptina/adiponectina, adiponectina e leptina, e tão pouco constatamos 
estudos que verificassem a precisão de um score inflamatório, que prenuncie um 
alto risco cardiometabólico numa amostra de crianças e adolescentes. 
Recentemente, alguns estudos têm utilizado o somatório de vários 
biomarcadores inflamatórios como método para tentar avaliar ou aceder o perfil 
do estado de inflamatório numa população jovem (Artero et al., 2014; González-
Gil et al., 2017). Artero et al. (2013) numa amostra de adolescentes Europeus, 
realizaram um somatório (clustered) de Z-scores de biomarcadores como, C3, 
C4, leptina, PCR e leucócitos, baseados em associações bivariadas entre estes 
biomarcadores e um Score de risco cardiometabólico em adolescentes. O nosso 
estudo, também está de acordo com os resultados apresentados por Andersen 
et al. (2015) que demonstraram em análises de sensibilidade e especificidade 
(Curvas Roc), que a inclusão de outros fatores de risco, como a aptidão 
cardiorrespiratória, melhoravam os critérios diagnósticos da síndrome 
metabólica, em crianças e adolescentes. Os nossos resultados demonstraram 
que a utilização de biomarcadores inflamatórios agrupados parece apresentar 
uma melhor precisão diagnóstica na identificação de um perfil cardiometabólico 
desfavorável.  
 Adicionalmente, verificamos que a adiponectina (artigo II) também se 
associava negativamente com um Score de risco cardiometabólico. No entanto, 
estudos recentes expõem a adiponectina como uma proteína complexa, cercada 
de controvérsias e resultados paradoxais (Ghoshal, 2015; Wannamethee et al., 
2011).  Por exemplo, num estudo com 3188 participantes com uma média de 
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idade de 57 anos, foi demonstrado que um nível elevado de adiponectina no 
plasma é positivamente associado a um menor risco de doenças coronárias em 
homens (Ai et al., 2011).  Por outro lado, contraditoriamente, numa recente 
revisão sistemática e a meta-análise de estudos prospetivos, os resultados 
indicaram uma associação positiva entre as concentrações de adiponectina e a 
mortalidade ou risco  cardiovascular em pacientes com DVC (Wu et al., 2014). 
Atendendo às ações metabólicas multifacetadas e controversas da 
adiponectina (Esmaili et al., 2014), nos artigos III e IV, analisámos 
separadamente as associações da adiponectina com a aptidão muscular e com 
a aptidão cardiorrespiratória, tendo em conta o estatuto ponderal dos nossos 
adolescentes.  Observámos que a adiponectina se associou paradoxalmente de 
forma negativa, com a aptidão cardiorrespiratória e a aptidão muscular, mesmo 
depois de considerarmos as potenciais variáveis confundidoras. Estas 
associações também foram significativas em indivíduos normoponderais. Apesar 
do desenho transversal destes estudos, esses resultados parecem sugerir que, 
tanto o peso corporal, como a aptidão cardiorrespiratória e a aptidão muscular 
podem ter um impacto importante nos níveis de adiponectina em adolescentes, 
independentemente dos vários fatores de confusão, tais como, resistência à 
insulina, inflamação e adesão à dieta Mediterrânia. 
Apesar destes resultados parecerem controversos, alguns estudos 
recentes, têm apresentado resultados similares (Bugge et al., 2012; Martinez-
Gomez et al., 2010; Metcalf et al., 2009; Nielsen et al., 2016). Por exemplo, os 
resultados de Martinez-Gomez et al. (2012) numa amostra de adolescentes 
espanhóis mostraram uma associação inversa entre a adiponectina e aptidão 
cardiorrespiratória, bem como entre a adiponectina e aptidão muscular mesmo 
após ajustamentos à idade, sexo, estagio maturacional e perímetro da cintura. 
Os nossos resultados confirmam e, até certo ponto, se estendem sobre estes 
resultados anteriores, não só estratificando as nossas análises de acordo com o 
peso corporal dos participantes, mas também incluindo vários outros fatores de 
confusão como a adesão à dieta Mediterrânea, à resistência à insulina e à 
inflamação. Dada a inexistência de informação consistente e fiável acerca dos 
níveis de adiponectina durante a adolescência e “Endpoints” na vida adulta, com 
base na literatura atual, é difícil explorar a relevância clínica da diferença nos 
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níveis séricos de adiponectina que foram observados entre os níveis de aptidão 
física (muscular e cardiorrespiratória) e em adolescentes sem sobrepeso e 
aparentemente saudáveis. Contudo, níveis elevados de adiponectina e baixo 
IMC têm sido significativamente associados ao aumento da mortalidade numa 
população adulta (Choi et al., 2015). 
A literatura tem apresentado a aptidão muscular (Smith et al., 2014) e a 
cardiorrespiratória (Ruiz et al., 2016) como importantes determinantes da saúde 
cardiometabólica em crianças e adolescentes. Nos artigos V, VI e VII 
verificamos que os níveis de aptidão cardiorrespiratória e aptidão muscular estão 
negativamente associados ao risco cardiometabólico. Os nossos resultados 
suportam ainda a ideia de que os adolescentes com maior perfil inflamatório e 
simultaneamente com baixos níveis de aptidão muscular e/ou cardiorrespiratória 
possuem uma maior probabilidade de apresentar um risco cardiometabólico 
superior, quando comparados com aqueles com elevada aptidão 
cardiorrespiratória e/ou muscular na presença de um baixo perfil inflamatório. O 
especto acumulativo de possuir um perfil inflamatório elevado combinado de 
uma baixa aptidão cardiorrespiratória e/ou muscular, parece aumentar o risco de 
doenças cardiometabólicas.  
Coletivamente estes estudos corroboram com as atuais diretrizes da 
Organização Mundial da Saúde que recomendam que a maior parte da atividade 
física diária deve ser aeróbica. E que atividades de intensidade vigorosa devem 
ser incorporadas, incluindo aquelas que fortalecem o tecido muscular e ósseo, 
pelo menos 3 vezes por semana (WHO, 2010).   
Estando ciente da importância que a aptidão cardiorrespiratória tem na 
saúde cardiometabólica, o estudo V avaliou as associações combinadas entre 
o perfil inflamatório (InflaScore), aptidão cardiorrespiratória e um score de fatores 
de risco cardiometabólico agregados. Neste estudo, a aptidão cardiorrespiratória 
esteve inversamente associada com o InflaScore e com um maior risco 
cardiometabólico. Também foi observado uma interação entre a aptidão 
cardiorrespiratória e InflaScore em prenunciar um risco cardiometabólico mais 
elevado.  Adolescentes com um maior perfil inflamatório e uma baixa aptidão 
cardiorrespiratória tiveram uma maior probabilidade de ter um risco 
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cardiometabólico elevado após ajustes para idade, sexo, estagio maturacional, 
adesão à dieta Mediterrânea e estatuto socioeconómico.  
Vários estudos tentaram compreender o impacto independente da aptidão 
cardiorrespiratória no risco cardiometabólico em crianças e adolescentes (Artero 
et al., 2011; Garcia-Hermoso et al., 2017; Lobelo et al., 2010; Moreira et al., 
2013).  Nestes estudos, as análises foram conduzidas com associações 
combinadas de aptidão cardiorrespiratória e estatuto ponderal (IMC) no risco 
cardiometabólico. No entanto, para esclarecer a dependência do contexto dos 
níveis de aptidão cardiorrespiratória no Score de risco cardiometabólico são 
necessários estudos em diferentes estados fisiológicos. De facto, sabe-se que o 
perfil inflamatório pode ser modulado, não apenas pela adiposidade, mas 
também por vários outros fatores biológicos, comportamentais e ambientais, 
como o peso à nascença (Labayen et al., 2009), a dieta inadequada 
(Schwingshackl & Hoffmann, 2014), o stress, a poluição, a má saúde oral, o 
tabagismo, o baixo estatuto socioeconómico e consumo excessivo de álcool 
(Danesh et al., 2000; Engström et al., 2007) entre outros. Nesta linha de 
pensamento, as nossas análises combinadas de acordo com o perfil inflamatório 
e o nível de aptidão cardiorrespiratória, pôde fornecer-nos uma visão mais 
abrangente de diferentes fenótipos fisiológicos.  
 Aparte dos benefícios indiscutíveis da aptidão cardiorrespiratória, alguns 
estudos têm reportado as vantagens á saúde da aptidão muscular em crianças 
(Fraser et al., 2016) e adultos (Volaklis et al., 2015). Apesar das atuais diretrizes 
recomendarem atividades de fortalecimento muscular como complementares, os 
nossos resultados sugerem que a aptidão muscular parece apresentar 
características próprias e independentes da aptidão cardiorrespiratória. 
Especificamente, no artigo V, observamos que a aptidão muscular se associou 
negativamente com o InflaScore após ajustamento para vários fatores 
confundidores como a aptidão cardiorrespiratória, o perímetro da cintura, o 
estatuto socioeconómico e a aderência à dieta Mediterrânea. Além disso, foi 
observado o pior perfil cardiometabólico em adolescentes com baixa aptidão 
muscular e alto perfil inflamatório. Neste estudo, também foi observado que o 
InflaScore pareceu explicar uma parte significativa do maior índice do risco 
cardiometabólico naqueles adolescentes com uma baixa força muscular. 
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Vários estudos têm reportado associações inversas entre a aptidão 
muscular e fatores de risco cardiometabólicos em crianças e adolescentes 
(Artero et al., 2011; Smith et al., 2014; Steene-Johannessen et al., 2013). No 
entanto, até o momento apenas um estudo avaliou as associações de um 
InflaScore e a aptidão muscular em adolescentes (Artero et al., 2014). Os nossos 
resultados corroboram com o estudo de Artero e colaboradores, o qual 
demonstrou que a aptidão muscular se associa inversamente com os 
biomarcadores inflamatórios, mesmo depois de considerar os potenciais fatores 
de confusão, como a aptidão cardiorrespiratória e resistência à insulina (Artero 
et al., 2014). Coletivamente os resultados destes estudos (incluindo nossos), 
sublinham a importância da avaliação da aptidão muscular, bem como a 
manutenção de seus níveis adequados e também uma musculatura esquelética 
saudável. 
Tendo em conta as possíveis associações entre a resistência à insulina e 
a inflamação crónica de baixo grau e os potencias efeitos moderadores do 
musculo esquelético, no artigo VII avaliámos as associações combinadas da 
inflamação (InflaScore) e aptidão muscular nos marcadores de resistência à 
insulina. Neste estudo, verificamos que a aptidão muscular estava inversamente 
associada, enquanto o score inflamatório esteve positivamente associado com 
os indicadores de resistência à insulina, mesmo depois dos ajustes à diferentes 
fatores de confusão. Os adolescentes com elevado perfil inflamatório e baixa 
aptidão muscular, tiveram uma maior probabilidade em apresentar uma maior 
resistência à insulina quando comparado com os seus pares com baixo perfil 
inflamatório e elevada aptidão muscular. Estes resultados parecem indicar que 
níveis mais elevados de aptidão muscular podem, até certo ponto, minimizar os 
efeitos deletérios da inflamação nos indicadores de resistência à insulina em 
adolescentes.  
Alguns estudos avaliaram as associações entre os  marcadores de 
resistência à insulina e a aptidão muscular em adolescentes (Grøntved et al., 
2013; Jiménez-Pavón et al., 2012; Jiménez-Pavón et al., 2011). Por exemplo, 
num estudo prospectivo, com adolescentes de 12 anos (n = 317), verificou-se 
que a aptidão muscular se associou com marcadores de resistência à insulina 
12 anos depois (Grøntved et al., 2013). Os resultados do estudo de Jiménez-
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Pavón et al. (2012) evidenciam associações entre a aptidão muscular e os 
indicadores de resistência à insulina após o controlo de vários fatores de 
confusão, incluindo gordura corporal total e central (IMC e espessura das pregas 
subcutâneas e perímetro da cintura), no sexo feminino. No entanto, nenhum 
desses estudos anteriores avaliou as diferenças dos indicadores de resistência 
à insulina de acordo com o  perfil inflamatório em adolescentes. O mecanismo 
pelo qual a inflamação afeta a resistência a insulina não é totalmente 
compreendido, no entanto, parece que as citocinas inflamatórias podem afetar a 
sinalização da insulina no nível molecular e também a função das células beta 
(van Greevenbroek ., 2013). 
 
Considerações Finais 
 
Os estudos apresentados nessa tese reforçam e sublinham a noção da 
importância da prevenção e monitorização dos fatores de risco 
cardiometabólicos que deve ser iniciada ainda em idades precoces. Continuam 
a ser necessários esforços futuros para identificar características clínicas em 
crianças e adolescentes que poderiam ser utilizadas em triagem para prevenção 
de risco de DCV na idade adulta. No entanto, do ponto de vista da saúde pública, 
devido aos altos custos destes biomarcadores, as intervenções de estilo de vida 
continuam a ser o foco prioritário.   
Apesar das limitações impostas pelo desenho transversal deste estudo, 
as consequências deletérias atribuídas ao processo de inflamação de baixo grau 
parecem ser contrariadas, até certo ponto, pela manutenção dos níveis 
adequados da aptidão cardiorrespiratória e aptidão muscular. Além disso, a 
aptidão muscular parece influenciar no perfil inflamatório e na saúde 
cardiometabólica, independentemente da aptidão cardiorrespiratória e de outros 
confundidores. 
Neste sentido, informações simples, como o nível de aptidão muscular 
(que é facilmente avaliado pelo teste de pressão manual, podendo ser 
incorporado no quotidiano clinico e escolar) e aptidão cardiorrespiratória (pelo 
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teste de vai-e-vem) podem fazer parte de estratégias simples para o trabalho de 
prevenção precoce e deteção de risco cardiometabólico, para que se estabeleça 
estratégias para prevenção, controle e intervenção.  
Os resultados do nosso estudo suportam as atuais diretrizes de atividade 
física da WHO para crianças e adolescentes, que recomendam a combinação 
regular nas atividades de fortalecimento muscular devido aos benefícios 
relacionados à saúde, incluindo a prevenção de fatores de risco 
cardiometabólicos. 
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